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CONTRIBUTION TO THE CHEMISTRY OF STYLOPHORUM 
DIPHYLLUTI1. 


By J. O. SCHLOTTERBECK AND H. C. WATKINS.! 


Received October 2, rgor. 

TYLOPHORUM diphyllum, which is popularly known by 
S the suggestive names yellow poppy and celandine poppy, 
belongs to the Papaveraceae. It grows in low woods from Ohio 
to Tennessee and westward to Wisconsin and Missouri. It isa 
perennial, herbaceous plant, with leaves pinnatifid in a manner 
similar to celandine. The flowers are deep yellow, poppy-like, 
and about an inch broad. The fruits are ovoid and tipped with 
the persistent style ; hence, the generic name Stylophorum. All 
parts of the plant exude a yellow juice, when bruised, which 
matches the color of the corolla. Under the na:ne extra “‘ large 
golden seal’’ the root is mentioned’ as a possible accidental admix- 
ture of hydrastis. _ 

Undoubtedly J. U. Lloyd was the first to undertake a chemical 
examination of this plant, but we have not been able to locate 
the account of his results. Ina letter to us he writes that some 
twenty years ago his brother, C. G. Lloyd, called his attention to 
this plant and suggested that’ he make a chemical examination 


1 Holder of the F. Stearns & Co. Fellowship in the School of Pharmacy, University of 
Michigan. 
2 Lloyd: ‘Drugs and Medicines of North America,”’ 1, 95. 
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for alkaloids, since its relationship, botanically, indicated their 
presence. Acting upon this suggestion, Mr. Lloyd extracted a 
considerable quantity of the root and obtained a large alkaloidal 
product which he provisionally named stylophorine in order that 
it might have a place in literature. This product was sent to 
Professor Eykman, of Tokio, Japan, for critical study since he 
was at that time especially engaged in studying the constituents 
of the Papaveraceae. We have also failed to find in literature a 
report by this chemist upon Sty/ophorum or its alkaloids, but that 
he did concern himself with this subject is shown in an article by 
Schmidt’ upon our plant in which he states that the results com- 
municated by Ekyman agreed with hisown. These two chem- 
ists believe that the principal alkaloid of Stylophorum diphyllum, 
and chelidonine of Chelidonium majus are identical. 

A comparative examination of stylophorine’ and chelidonine 
was made by Schmidt and Selle’ in 1890. The identity was fully 
established and in addition they obtained evidence of the exist- 
ence of two other alkaloids, but the isolation was not made 
because of scarcity of material. Thisis probably the extent of the 
work done on this plant at the time it was taken up by the authors. 

Through the kindness of Professor Lloyd we were supplied 
with 50 pounds of the dried root which was collected by a profes- 
sional root digger in the woods northeast of Cincinnati, Ohio. 
Quoting from his letter to us Mr. Lloyd says: ‘‘ The Stylophorum 
has been collected and worked with the utmost care and no 
foreign substance is present in it. It was inspected piece by 
piece and you can use it with confidence.’’ 

METHOD OF EXTRACTION. 

The drug in No. 20 powder was first thoroughly moistened 
with about 5 per cent. ammonia water for the purpose of libera- 
ting the bases from the acids with which they were combined in 
the plant, and then spread out in thin layers to dry at ordinary 
temperature. For the extraction a copper apparatus based upon 
the Soxhlet principle and of about 25 pounds’ capacity was em- 
ployed. Chloroform was the solvent used and extraction was con- 
tinued until a portion of the liquid drawn from the bottom of the 
percolator did not, after the usual manipulation, respond to the 


1 Arch. d. Pharm., 226, 622. 

2 While Lloyd applied the name stylophorine to the entire alkaloidal product, Schmidt, 
Selle, Eykman and others employed it specifically to the most abundant alkaloid. 
8 Arch. d. Pharm., 248, 96. 
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test for alkaloids. The chloroform was recovered from the perco- 
late and the waxy, dark-colored residue repeatedly digested with 
acidulated (acetic acid) water upon the steam-bath until exhausted 
of its alkaloid. The combined reddish, transparent filtrates con- 
tained the total alkaloids as acetates. 

The chloroform held by the marc was entirely recovered by 
passing high pressure steam in at the bottom of the percolator, 
condensing the mixed vapors of water and chloroform, and sep- 
arating the two layers. The hot marc was at once percolated 
with distilled water for the purpose of extracting the soluble salts 
naturally existing in the drug as well as the ammonium salts of 
the acids originally combined with the bases. The aqueous 
percolate was concentrated to small volume, 10 per cent. of alco- 
hol added for preservation, and set aside for later study. 

The red solution of the acetates of the bases was made alka- 
line with ammonia water whereupon a very bulky, grayish pre- 
cipitate was thrown down. This was collected on a large Buch- 
ner filter and thoroughly washed with water. The filtrate was 
now golden yellow in color instead of red, thus showing that the 
ted color body is precipitated with ammonia. This indicates the 
presence of a base allied to the red salt-forming alkaloid of San- 
guinaria, Chelidonium, and Bocconia. The yellow color of the 
filtrate also indicates the presence of a color body other than the 
yellow salt-forming alkaloid found in the allied plants. The 
yellow filtrate, as well as all filtrates from similar operations as 
long as they possessed considerable color, was reserved and 
worked later for the coloring-matter. 

The aikaloids were redissolved in a small amount of glacial 
acetic acid to the usual bright red solution, diluted with water, 
reprecipitated with ammonia, and washed as before. This opera- 
tion for preliminary purification was repeated a number of times 
until the precipitate was nearly white. 

ISOLATION OF THE ALKALOIDS. 

Successive convenient portions of the alkaloid were dissolved 
in acid, placed in a separator, about an equal volume of ether 
added and then ammonia to alkaline reaction. If not too much 
alkaloid be taken, a moment’s vigorous shaking causes complete 
solution of the bases in the ether, which takes on a bluish fluores- 
cence. Solution is only temporary, however, so that separation 
and filtration through a tuft of cotton must be made rapidly, to 
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avoid premature crystallization. We have found wide-mouthed 
Erlenmeyer flasks of different sizes admirably suited for crystal- 
lizing since undue loss of ether is avoided and the alkaloid does 
not creep up the side of the dish. Generally the alkaloid begins 
to separate from the filtered solution in a very short time and 
sometimes even before it can be drawn from the separator. 
After no visible increase in crystallization takes place (generally 
after several hours), the supernatant ethereal solution, if it be 
practically colorless, is at once used again to shake out another 
portion of alkaloid, but if it be colored the ether is recovered by 
distillation, dried, and then used over again. If after several 
hours’ standing no crystals separated from a colorless or nearly 
colorless solution, it was concentrated to small volume and again 
set aside to crystallize. The entire alkaloid was treated in this 
manner and all the filters and cotton plugs thrown into a waste 
jar for later recovery. ‘The strictest economy was observed with 
the alkaloids, so we can say that practically none was lost. 

It was noticed that.crystals of two distinct forms would sep- 

arate, sometimes both together, sometimes one form alone, and 
then again the other. The predominating alkaloid separated in 
the form of monoclinic prisms (Fig. 1), while the second crystal- 
lized in needles (Fig. 2). By close watching, these two forms 
could be completely separated by fractional crystallization. The 
different fractions of the former alkaloid melted from 130°-134° 
and of the latter from 197°-200°, both of course in the unpurified 
state. ‘ : 
By a continuous repetition of the above process of dissolving in 
acetic acid, precipitating with ammonia and shaking out with 
ether extending over a period of fully three months, the entire 
alkaloidal product was worked up. All fractions of the prisms. 
were united as well as those of the needles. 

A very interesting and peculiar property of the principal alka- 
loid, which we shall see later is identical with chelidonine, was. 
accidentally discovered while scraping a large fraction of crystals 
from the sides of the crystallizing flask with a glass rod. As the 
rod rubbed against the crystals the faces seemed to reflect light 
to an unusual extent; consequently, the phenomenon of ‘‘tribolu- 
minescence’’' suggested itself. The experiment was repeated in a 
perfectly dark room with greater success, an intense light being 

1 Ann. Phys. (Wied.), 34, 446; Ber. d. chem. Ges., 34, 1820. 









Fig. 2.—Chelidonine Hydrochloride. 
CopH9NO;5.HCl. 


Fig. 1.—Chelidonine. 
CopHigNO;.H2O. 








Fig. 3.—Stylopine. Fig 4.—Stylopine Hydrochloride. 
Ci9Hi9NOs5. Ci9Hj9NO;.HCL. 





Fig. 5.—Protopine. Fig. 6.—Diphylline. 
Cop HigNOz. 
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-emitted as the crystals were crushed. This is in some way con- 
nected with the crackling or snapping sound which we often 
heard coming from flasks in which very active crystallization was 
taking place. Whether an actual break in the crystals took place 
we cannot say. A solution in which an active growth of crystals 
was taking place was set in a dark room and watched for some 
time. Each crackling sound spoken of was accompanied by a 
feeble spark. . When a flask containing large crystals was placed 
in the palm of the hand, the body heat was sufficient to produce 
the sound as well as the light. The same result was obtained 
when a flask of crystals was given arotary motion. If a flask con- 
taining dry crystals be moderately shaken, the impact of the crys- 
tals against the side of the flask produced hundreds of intensely 
bluish white, scintillating sparks. These were best obtained 
with dry crystals from ether, not so well with those from chloro- 
form or alcohol, or from mixtures of them. Covered with water, 
ether, or benzene the effect is produced equally well. By shaking 

:a flask of dry crystals close to the face of a sensitive plate covered 
by a negative, a positive was obtained with a very short exposure. 
‘Other experiments are under way and will be reported upon later, 
but we are of the opinion that electricity of cleavage is the phe- 
nomenon manifested.+ Since of all the alkaloids of Stylophorum 
this one alone possessed this feature, it served as an excellent 
identifying characteristic in the isolation. 

In the later mother ethereal liquids, three other alkaloids were 
separated by a very tedious and monotonous routine of fractional 
crystallization. These five alkaloids, all of which were obtained 
by ‘the above method of isolation with ether asa solvent, we 
shall designate by the numeralsI, II, III, IV, V. Alkaloid V 
was the last to be isolated because of its extreme solubility in 

-ether, but its identity was practically established early in the 
process as was stated above. : 

ALKALOID I. 

By far the greater portion of the total basic product consists 

-of this alkaloid. Purification was effected as follows: The total 
product was dissolved in dilute sulphuric acid and treated with an 
excess of strong hydrochloric acid. The salt began to separate 
in a very short time in the form of a coarsely crystalline powder. 
After collecting on a filter it was dissolved in boiling water, 

>rapidly filtered through a tuft of cotton, the solution cooled with 
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ice-water and stirred to granulation. This was repeated at least 
ten times or until the hydrochloride became white. The com- 
bined filtrates were treated in a similar manner. A portion of the 
hydrochloride dissolved in water, converted into a free base and 
shaken out with ether, soon yielded crystals that melted at 136° 
(uncorr.). The remainder of the salt was so treated, and then 
recrystallized several times from hot alcohol and finally from a 
mixture of chloroform and alcohol. From the latter mixture 
large crystals fully 41-inch long were easily obtained which melted 
at exactly the same point as before. From its melting-point, 
crystalline form, and behavior with solvents there is no question 
in our minds that this, the principal alkaloid of Stylophorum, is 
chelidonine. 

Chelidonine has as yet been found in only one other plant, vzz., 
Chelidonium majus. It was first isolated by Godefroy’ but in an 
impure state. Probst’ was the first to obtain it pure and to study 
some of its properties. At about the same time Reuling’ pub- 
lished a short article upon this base but he did not add much to 
the existing knowledge. A few years later Polex* concerned him- 
self with the alkaloid and obtained it pure. Eykman’ contributed 
an article upon chelidonine but it was separated from Cheldonium 
majus and not from Stylophorum diphyllum. He did not arrive 
at definite conclusions regarding the composition, however. 
Henschke’® made a close study of chelidonine, likewise from Chel- 
idonium. Schmidt and Selle’ are the only ones who have pub- 
lished accounts of work done upon the alkaloids from Sty/ophorum. 

There exists in literature considerable discrepancy regarding 
the composition of this alkaloid. Will’ made combustions and 
calculated the formula C,,H,,N,O, an expression that was variously 
interpreted as follows : Gerhardt’ C,,H,,N,O,, Gmelin” C,,H,,N,O,, 
Lowig" C,,H,,N,O,, Limpcicht” C,,H,,N,O,. Henschke, and 
Schmidt and Selle succeeded in obtaining concordant results and 


1 J. de Pharm., Dec., 1824. 

2 Ann, Chem. (Liebig), 29, 113. 

3 [bid., 29, 131. 

4 Arch. d. Pharm., 16, 77. 

5 Rec. trav. chim. Pays-Bas, 3, 190. 
6 Arch. d. Pharm., 226, 624. 

1 [bid., 228, 96. 

8 Ann. Chem. (Liebig), 35, 113. 

® Traité 4, 210. 

10 Handbuch, IV, 1534. 

Nl Lehrbuch, 1846. 
12 Lehrbuch, 1862. 
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the formula C,,H,,NO,.H,O. We believe that much of the diffi- 
culty encountered in the determination of the composition of this 
base rests in the fact that purification is effected with difficulty. 

Having prepared a considerable quantity of chelidonine from 
Stylophorum, we took up its study mainly for the purpose of 
verifying the very latest results upon its composition. 

For the determination of water of crystallization a small quan- 
tity of the freshly crystallized alkaloid was heated in an air-bath 
at a temperature of 100° to constant weight. Henschke used 
heat of 125° C., but at this temperature our product became grad- 
ually darker. Since neither Henschke nor Selle make mention of 
this in their report we were of the impression that our product 
must still be contaminated with impurities, therefore, the colorless 
alkaloid was recrystallized twice from alcohol and again heated 
but with the same result. ‘Then a lower heat was tried and suffi- 
ciently prolonged to cause an appreciable loss of water, but again 
with the same change incolor. Fearing that this coloration indi- 
cated a slight decomposition and therefore would vitiate results, 
an attempt was made to remove the water in a vacuum desiccator 
over sulphuric acid and phosphoric anhydride until the substance 
lost no weight. 

A vacuum was maintained (with interruptions for weighing) 
for fully a month and it was noticed as increasing quantities of 
water were removed the alkaloid became more yellow. Unfor- 
tunately we could not complete the experiment because of an acci- 
dent but it was plainly evident that with removal of water of 
crystallization even in the cold, discoloration takes place. Since 
light seems to hasten the change, there is in progress at this time 
an experiment to determine whether all the water is removed and 
also whether discoloration takes place in the dark. 

A sample heated to constant weight at 100° for about fourteen 
hours lost 4.5 per cent. of its weight. According to the furmula 
C,,H,,NO,.H,O, the theoretical amount of water is 4.8 per cent. 

Several combustions were made with the air-dried material as 
well as with that dried to constant weight but the results were 
not as concordant as was desired and were therefore rejected. 
Excellent results were obtained with the nitrate which is easily 
made pure and which contains no water of crystallization. Inthe 
estimation of the acid in the hydrochloride by means of silver ni- 
trate the filtrate from the precipitated silver chloride separated 
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large needles of the nitrate of chelidonine. After recrystallizing 
several times from hot water and drying in a desiccator, the fol- 


lowing results of the combustions were obtained : 
I. 0.333 gram chelidonine nitrate gave 0.7044 gram carbon dioxide and 
0.1524 gram water. 
II. 0.350 gram chelidonine nitrate gave 0.1532 gram water. 
III. 0.317 gram chelidonine nitrate gave 0.6738 gram carbon dioxide and 


0.1354 gram water. ' 
Calculated for Found. 


CopHi9NO;.HNO3. rv ae III. 
ORAM Ess 04. eecckece sc assis 57.69 57.69 «+++ 57.63 
Hydrogen .....ccssessecesees 4.84 5.08 4.86 4.74 


Nitrogen was determined by the Dumas as well as by the Kjel- 
dahl method. By the former method the following results were 
_ obtained : 

I. 0.4926 gram of anhydrous chelidonine gave 0.0211 gram of nitrogen, or 


4.27 per cent. 
II. 0.551 gram of anhydrous chelidonine gave 0.022 gram of nitrogen, or 


3.97 per cent, 

Theory requires 3.96 per cent. 

By the latter method the following results were obtained : 

I. 0.412 gram of chelidonine gave 3.33 per cent. of nitrogen. 

II. 0.486 gram of chelidonine gave 3.40 per cent. of nitrogen. 

Theory requires 3.77 per cent. 

The hydrochloride was prepared and purified as stated above. 
Air-dried material heated in an oven for several hours did not 
lose weight; therefore there is no water of crystallization. The 
acid was determined in the customary way with silver nitrate and 
weighing the washed and dried silver chloride. 

I. 0.455 gram of chelidonine hydrochloride gave 0.1656 gram silver chlo- 
ride. 

II. 0.3406 gram of chelidonine hydrochloride gave 0.1264 gram silver chlo- 
ride. 


Calculated for Found. 
CooHi9NO;.HCI. I. II 
Hydrochloric acid...+-..sssseeeeeeees 9.36 aa): gud 


The analyses of the gold and platinum double salts verified the 
formula obtained from combustions of the nitrate. The gold 
salt was readily made by precipitating a hot acid solution of the 
hydrochloride of chelidonine with an excess of a 2 per cent.solution 
of gold chloride. The double salt separated as a voluminous, 
orange-red precipitate which was collected on a filter, thoroughly 
washed and dissolved in hot alcohol. Beautiful violet-red crystals 
bunched in rosettes separated in a short time and these were re- 
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crystallized and dried in a desiccator. Heating in an oven at 
100° for several hours did not cause it to lose weight. 


I. 0.0774 gram of the gold salt yielded, upon incineration, 0.022 gram gold. 


Calculated for 
CopHy9NO;.HCl1. AuCl,. Found. 


CONE. PELs bing kk' seek eee ERR aataee 28.1 28.42 
The platinum salt was made in the same manner, using a 5 per 
cent. solution of platinum chloride. The double salt separated 
as a yellowish precipitate which became denser and deeper colored 
when reprecipitated for purification. We did not succeed in 
obtaining crystals of this compound from ethyl or methyl] alcohol. 
One small fraction that had been standing in methyl alcohol for 
several days had changed to fine silky needles but we were not 
able to repeat the operation. Heating to 100° to constant weight 
removes 3.4 per cent. water. 
I. 0.136 gram of the water-free double salt left, upon incineration, 0.0236 
gram platinum. 
Calculated for 
(CopHygNO5.HC1)2PtCly.H.O. Found. 
PEGE Sn occcc cuueccatieaseecagiasedeec 17.45 17.4 
WEREE « oc cbs coer deetensineceessndece cues a 3.4 
Action of Ethyl lodide.—Five grams of pure dried material were 
heated in a bomb tube with an excess of pure ethyl iodide at 
130°-140° for fourhours. When cold, the tube was opened and 
only a slight pressure noticed. In the bottom of the tube there 
was an insoluble portion yellowish in color and above it a trans- 
parent, light red liquid. The excess of ethyl iodide was driven 
off and the residue dissolved in boiling alcohol. It was filtered 
and set aside in a small Erlenmeyer flask. While crystals began 
to appear after a considerable length of time we found that layer- 
ing with an equal volume of ether as employed by Henschke 
hastened crystallization materially. Tufts of fine, silky needles 
formed on the side of the flask and at the contact zone of the two 
liquids. Successive crops were obtained and all.the combined 
fractions recrystallized from the same solvents several times but 
with loss of considerable material. Enough was left, however, to 
determine the iodine content with silver nitrate. The new com- 
pound was found to be free of water of crystallization. 


I. 0.2038 gram of the compound gave 0.0948 gram silver iodide. 


Calculated for 
CopHjgNO;.CoHsI. Found. 


pe NEN NN: Padded i MA TERE) 24.94 24.8 
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Long contact of potassium hydroxide with a solution of this 
compound had no effect since the same compound with identical 
melting-point was again obtained in almost quantitative amount. 
This alkaloid is probably a tertiary base, as was shown by 
Henschke. 

For the determination of methoxyl groups a modification of 
Zeissel’s well-known method was employed, using ground-glass 
joints throughout the entire apparatus. After carrying on the 
operation for fully an hour not the least turbidity was noticed in 
the silver nitrate solution. Methoxyl groups are therefore absent. 

By pouring a solution of the sulphate of chelidonine into a large 
excess of Wagner’s reagent, an abundant chocolate-colored precip- 
itate formed which, upon shaking vigorously, became denser and 
settled to the bottom. The collected precipitate was thoroughly 
washed and then dissolved in hot methyl alcohol and set aside in 
flat crystallization dishes. Two distinct forms separated, one in 
light red needles and the other in almost black prisms. These 
were separated mechanically and each recrystallized several times 
from hot methyl alcohol. When dried ina desiccator and the 
iodine estimated with thiosulphate solution, the light red crystals 
gave figures that agree with the formula for the triiodide 
C,,H,,NO,.HI.I,. The black prisms appear to have the formula 
C,,H,,NO,.HI.I,. 

Finally a solution of the free alkaloid chelidonine, dissolved in 
absolute alcohol, gave an optical rotation of [a], = + 115°24’. 

ALKALOID II. 

This one is second in abundance and crystallizes in distinct 
needles as shown in Fig. 2. The needles which Selle obtained in 
such small quantity that only the melting-point (193°-195°)' 
could be made are probably the same substance. Since we have 
not found in literature anywhere a description of an alkaloid pos- 
sessing the properties of this one we have decided to designate it 
by the name stylopine. All the fractions of the needles melting 
in the neighborhood of 200° were united and purified in the 
same manner employed with chelidonine. A pure product was 
obtained that possessed the constant melting-point of 202° (un- 
corr. ). 

This alkaloid is almost insoluble in hydrochloric acid, forming 
fine needles of the salt when strong hydrochloric acid is added to a 
1 Arch. d. Pharm., 228, 108. 
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solution of the acetate. Itisalsoinsoluble in dilute sulphuric acid 
which serves excellently as a means of separation from chelidonine. 
The free alkaloid is very soluble in glacial acetic acid, much less 
so in dilute acid. The nitrate separates from aqueous solutions 
in very small clusters of needles which in mass appear almost jelly- 
like, or gelatinous. 

Precipitates were obtained with well-known reagents as follows : 


TANMmic Acid: oo sccecceccecccccccccec veces slight white. 
Potassium bismuth iodide........+.-+++- light yellow flocculent. 
Potassium cadmium iodide..-........-- white. 

Bromine water «2... cccecs coccccvcces yellow. 
Phosphotungstic acid...---++s+ss+ seers white. 

Potassium iodide .....+..seeeeeeeee cess white needles. 
Phosphomolybdic acid .........seseeee- dirty white. 

Gold chloride. ......-+reseececceeceeees salmon to yellow ochre. 
Platinum chloride......sccccsccceccsess white to pale yellow. 
PICEI GOI 6s visa ds pecccs envio weneaganes deep lemon yellow. 
Potassium dichromate. ...-...++.e+essee- yellow. 

Wagner’s reagent.---+- sees cere ce receee chocolate-brown. 


The free alkaloid contains no water of crystallization. Com- 
bustions of the pure dry substance gave the following results : 
I. 0.1926 gram stylopine gave 0.4712 gram carbon dioxide and 0.0958 
gram water. 
II. 0.1718 gram stylopine gave 0.0864 gram water. 
III. 0.1704 gram stylopine gave 0.4206 gram carbon dioxide and 0.0854 
gram water. 
IV. 0.2714 gram stylopine gave 0.6680 gram carbon dioxide. 
Four nitrogen determinations gave the following results : 
I. 0.1768 gram stylopine gave 0.007478 gram nitrogen. 
II. 0.177 gram stylopine gave 0.007292 gram nitrogen. 
III. 0.1824 gram stylopine gave 0.00698 gram nitrogen. 
IV. 0.1316 gram stylopine gave 0.005578 gram nitrogen. 


Calculated for Found. 
CypHygNO3;. L& II. \ IV. Average. 
Carbon....- 66.83 66.72 sees 66.78 7.1 66.86 
Hydrogen -- 5.54 5-52 5.58 5.57 waa 5-55 


Nitrogen .-- 4.10 4.23 4.12 3.83 4.24 4-10 
Oxygen ..-- 23.46 woes eens aous eae 23.49 

The hydrochloride was made in the usual manner and purified 
by recrystallization from hot water. It contains no water of crys- 
tallization. For the determination of the formula of this salt 
the acid was estimated by precipitating with silver nitrate and 
weighing the washed and dried silver chloride. Only one esti- 
mation was made. 
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I. 0.0524 gram of the hydrochloride of stylopine gave 0.020 gram silver 


chloride or 9.7 per cent. hydrochloric acid. 
Calculated for 
Ci9HygNO;.HCl. Found. 


Hydrochloric a i a ca he Bila Na ab cerca aca waa 9.65 9.7 
The platinum salt was made by precipitating a hot acid solution 
of the hydrochloride with a 5 per cent. solution of platinum 
chloride. The precipitate was light yellow at first but became 
darker after a second precipitation for purification. It contains 
no water of crystallization. 
I: 0.0406 gram of the platinum salt gave, upon incineration, 0.0074 gram 


platinum. 
II. 0.015 gram of the platinum salt gave, upon incineration, 0.0028 gram 


platinum. 


Calculated for Found. 
(CigHigNO;.HCl)o.PtCly. I. II. 
TUBER Gi) fais'clo 5: <nt 5 9'0 20,660 5.6.0, m6inines 17.7 18.2 17.9 


Action of Ethyl Iodide.—Two grams of the pure alkaloid were 
heated in’a hard-glass tube with an excess of freshly prepared 
ethyl iodide at 130° for about two hours. Even in the cold the 
change begins to take place, but heating is required to com- 
plete it. The new compound in the tube became slightly yellow 
in color and was decidedly more voluminous than the original 
alkaloid. After cooling, the tube was opened and the excess of 
ethyl iodide removed by distillation. |The residue was then dis- 
solved in boiling alcohol and when cold layered with ether and 
set aside as before. The successive small crops were all united 
and again dissolved in alcohol and set aside as before. The new 
compound, consisting of small clusters of fine needles, melts at 
255°. The iodine content of this compound was determined in 
the usual manner. ° 


I. 0.1062 gram of the double salt gave 0.0486 gram silver iodide. 
II. 0.1086 gram of the double salt gave 0.050 gram silver iodide. 


Calculated for Found. 
CioHigNO;.CeHgI. _—iI. II 
NR a Bin aia oct eG oie nth Gale aaa @ ea ocd 25.5 24.7 24.8 


Strong potassium hydroxide is absolutely without action upon 
this compound. We have here probably a tertiary base, although 
the proof is not completed. 

A modification of Zeissel’s method was employed for the de- 
termination of methoxyl groups but not the least turbidity was 
noticed in the silver nitrate solution; hence, we must conclude 
that these groups do not exist in this base. 
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For the determination of hydroxyl groups asmall quantity was 
heated in a flask with acetic anhydride and sodium acetate under 
a reflux condenser for several hours. A slight change in color of 
the solution took place. When the liquid was poured into cold 
water many small, oily drops separated which, after a time, col- 
lected on the sides of the dish in the form of a varnish which 
possessed a disagreeable odor. Repeated trials to secure crystals 
from this varnish were without results and as the material was 
so small in quantity, we abandoned this part of the work until a 
larger quantity is available. Crystalline periodides are. easily 
obtained by the usual method but here, too, because of scarcity 
of material, no analyses could be made. 

Potassium iodide throws down a white precipitate of fine needles 
from a solution of stylopine in acetic acid. Not enough material 
was at hand to make duplicate determinations of the iodine but the 
probabilities are that the compound has the formula C,,H,,NO,. HI. 

The pure alkaloid dissolved in absolute alcohol rotates polar- 
ized light [a], = — 315°12’. 

ALKALOID III. 

This alkaloid is probably third in abundance in the plant but 
only a small portion was obtained from the original total product 
for the reason, as we shall see later, that it isto some extent 
soluble in ammonia. In the separation of the two alkaloids 
already described, this one made its appearance in only one or 
two fractions in an almost uncontaminated condition. Small 
white warts, and colorless transparent prisms were about equally 
abundant in these fractions. Protopine was at once suspected, 
and from the melting-point of 203° in the unpurified condition 
and its characteristic color reaction with sulphuric acid and Erd- 
mann’s reagent our suspicions were practically confirmed. 

It will be recalled that the alkaline aqueous liquids that had 
been washed with ether for the removal of alkaloids were reserved 
as long as they possessed a yellow color. After acidulating this 
liquid with acetic acid and concentrating to smaller volume it was 
found that a curdy precipitate was thrown down with potassium 
hydroxide. ‘This was shaken with ether and the dissolved alka- 
loid filtered into a flask and set aside. In a very short time both 
warts and prisms separated which turned out to be protopine. 
All fractions of this alkaloid were united and purified in the 
usual manner and finally recrystallized from a mixture of alcohol 
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and chloroform. The rather large prisms of protopine melted 
at 204°-205° (uncorr. ). 

To make doubly certain that this alkaloid was protopine one 
combustion was made. 

0.4203 gram alkaloid gave 0.0467 gram carbon dioxide, and 0,196 gram 


water. 
Calculated for 


CopH9NO;. Found. 
RMR, 55 Find lck o Sik athe Rinne SURI D ORE Marko ews 67.98 67.92 
Hydrogen .....--+s+cecscscccces secccscces 5.38 5.23 


It contains no methoxyl groups as determined by Zeissel’s 
method. A periodide was obtained which crystallized in beautiful 
rosettes of a wine-red color. The formula was not determined 
because of lack of sufficient material. 


ALKALOID IV. 


This base is present in very small quantity and was obtained 
with great difficulty during the long course of fractional crystal- 
lization. It generally separated out along with chelidonine but 
the relative quantity was so small that complete separation con- 
sumed nearly as much time as the isolation of all the other alka- 
loids. The mixed fractions of chelidonine and this alkaloid were 
dissolved in acetic acid, diluted with water, placed in a separator, 
made alkaline with ammonia and shaken out with ether. After 
filtering into a flask, close watch was kept of the progress of crys- 
tallization and as soon as a small quantity of crystals had separated 
the ether was decanted into another flask, and just as carefully 
watched for the appearance of further crystals. This was re- 
peated over and over again until about twenty-five small fractions 
were obtained that melted in the neighborhood of 210°. ‘These 
were combined and the process of purification fairly begun when 
we lost about two-thirds of the product by an accident. Enough 
was saved, however, to observe some of its properties. The per- 
fectly pure alkaloid melts at 216° (uncorr.). It crystallizes at 
times in extremely thin plates, and from their position on the 
side of the flask reminded us of the wings of butterflies. The 
most common form is shown in Fig. 6. 

The acetic acid solution behaved with the usual alkaloidal rea- 
gents practically in the same manner as stylopine with the excep- 
tion that the hydriodide formed by the addition of potassium iodide 
solution is amorphous instead of crystalline. 

Color tests were made as follows: 
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A few drops of asolution of the free alkaloid were placed into 
each of the concave depressions of a white porcelain testing plate, 
and evaporated on the water-bath to dryness. In this way a 
very thin film of the alkaloid was distributed over the surface of the 
depression. A drop of the reagent was let fall into the cavity and 
brought in contact with the alkaloid. 


Nitric acid-.....+eseee sees slowly dirty yellow, then passing through violet, 
wine-red, dull green,and finally reddish-brown. 

Marquis’ reagent.........- first violet-blue then wine-red. 

Erdmann’s reagent........ yellowish green to bright green. 

Froehde’s reagent..-.-...-- deep green, olive-green bordered with blue, fi- 


nally all becoming blue. 

Since this alkaloid seems not to have been found before, we have 
named it diphylline. 

ALKALOID V. 

In acid solutions this alkaloid is bright red in color, but is pre- 
cipitated pure white with alkalies. The free alkaloid is extremely 
soluble in ether, more so than any of the others, which accounts 
for the fact that it is the last to crystallize out. The bluish 
fluorescent ethereal liquid, from which the four alkaloids men- 
tioned had been eliminated because of their insolubility in ether, 
was treated with dry hydrochloric acid gas in a wash-bottle for 
an hour. The bright red salt collected on the exit tube, and on 
the bottom and side of the bottle. The ether was decanted and 
the red salt dissolved in hot’ water, cooled to just short of the 
crystallizing point, made alkaline with ammonia water and shaken 
out with ether. The filtered ethereal solution was set aside in a 
vacuum desiccator, over night. By morning almost white clusters 
of plates had separated that on exposure to air soon began to turn 
red. Not over 0.3 gram was obtained so that no analyses were 
attempted. This is without question the alkaloid which Schmidt 
and his pupils have named sanguinarine. From historical as well 
as etymological reasons it should be called chelerythrine, but we 
shall not add to the existing confusion by applying the names 
differently. 

Organic Acids.—The organic acids which were in combination 
with the alkaloids in the original drug are now contained in the 
aqueous percolate of the marc in the form of ammonium salts. 
By the addition of strong alcohol most of the extraneous matter 
is removed in the form of a sticky mass. Convenient portions of 
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the percolate were treated ina 5 liter flask with successive por- 
tions of 96 per cent. alcohol until the precipitate which formed 
balled together into a gummy mass, upon vigorous shaking, leav- 
ing the supernatant liquid light colored and almost transparent. 
The latter was filtered into a 20 liter ice-jar and set aside in a 
cool place. After a few hours very light, fluffy, voluminous 
hemispherical masses of fine needles began to separate on the side 
\of the jar. By adding more alcohol from time to time these 
masses grew enormously and the solution finally became prac- 
tically exhausted of this crystalline substance. The liquid was 
siphoned off and the crystals removed with a spatula, and what at 
first appeared to be a large yield was compressed to small volume. 
These crystals were found to consist of a potassium compound 
extremely soluble in water, practically insoluble in alcohol. No 
odor of ammonia could be detected when a portion was boiled 
with strong potassium hydroxide. 

Several methods for the purification of this compound were 
tried but the following was found to be the most satisfactory. 
Since this compound forms an, insoluble lead salt the aqueous 
solution of the entire yield was precipitated with a solution of 
lead acetate. The white granular precipitate was collected on a 
filter and washed until the filtrate scarcely gave a test for lead. 
The lead salt was then suspended in water and decomposed with 
hydrogen sulphide. After warming slightly, the lead sulphide 
was removed by filtration and the filtrate which contained the 
free acid evaporated slightly to remove excess of hydrogen 
sulphide. To this solution precipitated calcium carbonate was 
added until there was no more effervescence, the whole being 
kept hot. The nearly colorless filtrate was set aside and at the 
end of several hours a magma of fine needles of the calcium salt 
had separated. . By recrystallizing several times from hot water 
the salt was obtained nearly pure white. The latter was brought 
into aqueous solution again and treated witha slight excess of the 
silver nitrate solution, which threw down pure white needles of 
silver salt. This was collected on a filter, slightly washed, dis- 
solved in hot water and then treated with an excess of hydro- 
chloric acid. The filtrate upon cooling separated a mass of silky 
needles of the free acid. Several recrystallizations furnished a 
pure product. It is very sour and forms salts with a number of 
bases. 
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Since Stylophorum diphyllum is so closely related to Chelidonium 
majus, botanically, we suspected that this acid is the same as 
the one found in the latter plant and named chelidonic acid by 
Probst. The characteristic yellow color of the potassium salt of 
chelihydronic acid, obtained when potassium hydroxide is added 
in excess to a solution of chelidonic acid, is also produced with 
our acid. A combustion was made of the desiccator-dried 
material, and the following results were obtained : 


0.246 gram of the acid gave 0.3748 carbon dioxide and 0.0658 gram water. 
Calculated for 


C;H40,4.H2O. Found. 
PRINS: 65's so ae oo CK a a eee a male 41.58 41.55 
Hydrogen...ceessseeevccececccccecces eens 2.97 2.97 


Since chelidonic acid has been so thoroughly investigated 
by Lerch’ and others, we have contented ourselves with mere 
identification. 

The alcoholic liquid that had been deprived of potassium cheli- 
donate was distilled 2 vacuo for the recovery of the alcohol and 
the aqueous residue remaining concentrated to small volume. 
The inert matter was removed with alcohol as before. The fil- 
trate was set aside and after many days fine needles separated and 
projected from the side of the jar. These were removed, purified 
and found to be the ammonium salt of chelidonic acid. 

Coloring-Matter.—As was stated above the filtered alkaline 
aqueous liquids, from which the alkaloids had been washed by 
means of ether, were reserved for the purpose of isolating the 
coloring-matter. The greater part of the protopine (alkaloid III) 
was recovered from this solution. The liquid still retained its 
full depth of color and was shaken out with several liberal por- 
tions of acetone. The deeply colored acetone solution was fil- 
tered and the acetone removed by distillation. The dark, bitter 
residue was taken up with a small quantity of water and treated 
with a solution of lead acetate. The precipitate was collected and 
then boiled with water which took out considerable of the coloring- 
matter. From the filtrate after concentration there separated, after 
several days, small crystals of a yellowish-red color which, when 
dissolved in water, imparted to it the color of the original solution. 
From analogy we believe that this body is the same as Probst’s 
chelidoxanthin but the quantity was too small for further study. 
Some interesting questions have presented themselves in connec- 


1 Monatsh, Chem., 29, 131. 
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tion with this substance which we hope to be able to answer in 
the near future. 





SUMMARY. 




































Stylophorum diphyllum contains at least five alkaloids as follows: 
Chelidonine C,9H,,NO;.H,O, melting-point 136° (uncorr.). 


Stylopine Ci9H,»NO; sf 202° ss 
Protopine C,,H,,NO; tt. goat aange Ss 
Diphylline * 216° s 
Sanguinarine 


Chelidonic acid C;H,O, + H,O 
Chelidoxanthin (?) 

The study of this plant and its constituents will be prosecuted 
during the coming year, Professor Lloyd having again arranged 
for the collection of a large quantity of authentic material. We 
take pleasure in extending to Professor Lloyd our sincere thanks 
for this assistance without which the investigation would not have 
been possible. 

We also take this opportunity of expressing our appreciation of 
the generosity of Messrs. F. Stearns & Co., for furnishing the 


funds necessary for the promotion of the work. 


SCHOOL OF PHARMACY, UNIVERSITY OF 
MICHIGAN, ANN ARBOR, MICH. 





THE DISCOVERY OF NITROGLYCERINE IN AN EX- 
HUSED BODY. 


By G. G. PonD. 


Received October 1, 1901. 
HE writer has not been able to find any record of the detec- 
tion of nitroglycerine in a dead body, in cases of suspected 
poisoning, though this substance is included in the accepted com- 
plete schemes for toxicological examination of human organs. 
On the fourteenth of March, 1go1, the stomach, liver, kidneys, 
and spleen of a woman of twenty-two years were brought to this 
laboratory for examination, direct from an autopsy which had 
been made on that date. This woman had died on the tenth of 
January previous, in convulsions supposed to have been brought 
about by the use of instruments, or by drugs or medicines admin- 
i | istered with intent to produce abortion. The woman had been 
ill for only twenty-four hours, and during this time nothing had 
been administered by the attending physicians through the 
mouth ; small doses of morphia had been given hypodermically. 
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“The body had been thoroughly ‘‘embalmed’’ with an arsenical 
formaldehyde fluid which contained some glycerine, mere traces 
-of mercury, and a little oil of citronella, otherwise nothing of 
significance. The embalming fluid gave no reaction whatever for 
nitric or nitrous acid under the most careful tests. The embalmed 
body was buried January 14th; thus two months elapsed before 
the disinterment on the fourteenth of March. When received at 
the laboratory the organs were all in a state of excellent preserva- 
tion. The stomach contained no appreciable contents distinguish- 
able from the embalming fluid. A preliminary examination for 
volatile substances was conducted upon 91 grams of that organ, 
about one-fourth of the entire weight of the stomach and fluid. 
This examination was carried out according to Dragendorff.' 
The material was comminuted, acidified with pure tartaric acid, 
and after the addition of 50cc. of water, was distilled with steam. 
Some 100 to 125 cc. of the distillate were secured which possessed 
a peculiar odor resembling formaldehyde but quite modified, 
somewhat like the lower fatty acids. It exhibited an acid reac- 
tion, and contained in suspension minute oily globules. This dis- 
tillate gave no precipitate with silver nitrate, with or without 
nitric acid, gave reaction with Schiff’s reagent (fuchsine bleached 
with sulphurous acid) for aldehyde, also all other aldehyde reac- 
tions. It gave no reaction for hydrocyanic acid, for chloroform, 
phenols, benzaldehyde, halogens, sulphur or alcohol. 

‘The steam distillate was extracted with ether, the ether evapo- 
rated and a small residue secured possessing nearly the consis- 
tency of vaseline, slightly opalescent, and nearly colorless. This 
residue was free from halogens and sulphur, gave nitric acid reac- 
tion with sulphuric acid and brucine, also with sulphuric acid 
and diphenylamine. It had a decided taste, sweetish, spicy and 
slightly burning, and was explosive. Repeatedly dissolved in 
ether and evaporated as before, it exhibited the same properties. 
It exploded violently when heated on a platinum spoon or other- 
wise, also when struck on an anvil, etc. 

Some eight or ten explosions were secured with it at the date 
of the analysis ; three or four more at the time of the trial in April, 
and the last remnants exploded distinctly as late as August 21st. 

The total weight, after we felt the identification as nitroglyc- 

-erine to be complete, was 9.5 mg., or calculated for the whole 

1 Georg Dragendorff : ‘‘ Ermittelung von Giften,” vierte Auflage, 1895, p. 84, e¢ seg. 
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stomach, 0.7 grain, equivalent approximately to from 1 to 1% 
teaspoonfuls of the officinal 1 per cent. solution. 

A comparative quantity of pure nitroglycerine, acidified with 
tartaric acid, distilled with steam in a similar apparatus, at the 
same rate, yielded a distillate in which oily drops were observable, 
and its ethereal extract when evaporated yielded a residue which 
exploded with the same readiness. A similar examination of 
other parts in our possession did not reveal any nitroglycerine, 
and none of the intestines had been taken at the autopsy. 

The defendant was convicted of the use of instruments, and 
the presence of nitroglycerine was not accounted for by the testi- 
mony. It wasa theory of the prosecuting attorneys, however, 
that nitroglycerine had been administered, in ignorance, as a 
heart stimulant. 

I am indebted to Dr. F. E. Tuttle and to Dr. F. J. Pond, for 


their assistance in this work. 


CHEMICAL LABORATORY OF THE PENNSYLVANIA 
STATE COLLEGE, August 21, Ig9o1. 
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ON THE PRODUCTION OF THE IMIDES OF SUCCINIC AND 
GLUTARIC ACIDS BY THE PARTIAL HYDRATION 
OF THE CORRESPONDING NITRILES.’ 


By MARSTON TAYLOR BOGERT AND Davip C. ECCLEs. 


Received November 5, 1901. 

THEORETICAL. 
HE hydration of ethylene cyanide, by the addition ‘of suc- 
cessive molecules of water, may be represented as follows : 


CH,.CO,.NH, 
CBO \ 
Ammonium 
CH,.CN CH,.CO.NH, 6-cyanpropionate- 
| +H,O- | -+ H,O + H,O 
CH,.CN CH,.CN CH,.CO.NH, / 
Ethylene B-Cyan- x ; 
cyanide. propionamide. CH,.CO.NH, 
Succinamide. — 
CH,.CO,.NH, CH,.CO,.NH, 
| + H,O- | » 
CH,.CO.NH CH,.CO,.NH, 
Ammonium Ammonium 
succinamate. succinate. 


1 Read before the New York Section of the American Chemical Society, Nov. 1, 1901. 
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or, if this hydration be carried out in the presence of a strong 
mineral acid, the products will be as follows : 


CH,.CO,H 
/ CH,.CN ~ 
/ B-Cyan- 
CH,.CN ~ CH..COeR, propionic acid. 
| + H,O- | + H,O + H,0 
CH,.CN CH,.CN \ CH,CO.NH, + 
Ethylene B-Cyan- ‘ 
cyanide. propionamide. CH..CO.NH. 
Succinamide. 
CH,.CO,H CH,.CO,H 
| +H,O- | 
CH,.CO.NH, CH,.CO,H 
Succinamic Succinic 
acid. acid. 


For the conversion of the nitrile to the acid, therefore, at least 
four molecules of water are necessary, and the question naturally 
arises as to what will occur when less than this amount of water 
is present, say two molecules of water in sealed tubes, and with 
one equivalent of a mineral acid to set free the cyanpropionic 
acid from its ammonium salt. 

Of course, it was hardly to be expected, in our experiments to 
answer this question, that the hydration would proceed quantita- 
tively and exclusively along one line, yielding, for example, only 
amide or cyan acid, but that in all probability any or all of the 
various hydration products would have to be reckoned with. 
Under conditions of heat and pressure, however, the addition of 
exactly two molecules of water to one molecule of the nitrile, and 
in presence of exactly one equivalent of a strong mineral acid, 
should yield one and the same major product, no matter what 
the course of the hydration. That product is the imide. 

f#-Cyanpropionic acid rearranges to the imide, succinamide 
loses ammonia with formation of the imide, succinamic acid gives 
the same body by loss of water, and it has been shown in this 
laboratory' that when succinic acid and its nitrile are heated to- 
gether in sealed tubes succinimide is the product. 

To be sure, these changes to the imide occur at quite different 
temperatures, the production of the imide from succinic acid and 
its nitrile, or from succinamide, requiring a temperature of 200° 


1 Miller: This Journal, 16, 443 (#894); Seldner: Am. Chem. /., 17, 532 (1895); Mathews : 
This Journal, 20, 654 (1898). 
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or over, while succinamic acid probably loses its water at a much 
lower point, and #-cyanpropionic acid rearranges to the imide 
at still lower temperaiures. It was hoped, consequently, that 
the temperature at which the reaction took place, and the nature 
of the by-products separated, might indicate whether the course 
of the hydration proceeded through the cyanpropionic acid or 
the amide. ‘The problem is somewhat complicated by the fact 
that, -while only two molecules of water might be added, succin- 
amic acid, although theoretically requiring three molecules for 
its quantitative production, might be continuously formed in 
small* amount and immediately break up again into imide and 
water, the net amount of water, therefore, used up in the reac- 
tion being but two molecules; the production of the imide might 
thus occur at low temperatures and still the course of the hydra- 
tion be through the amide. Then, again, the formation of imide 
from amic acid is partly reversible : 
Amic acid «———> Imide + H,O, 

and succinamic acid and most of its salts change quite easily, in 
presence of water, to succinic. 

The following reaction was taken as the basis of our laboratory 
work : 

CH,.CN CH,.CO\ 

2 | + 4H,O + H,SO, =2 | PN + (NH,),SO,. 

CH,.CN CH,.CO 

As the ratio of sulphuric acid to water in such a reaction is en- 
tirely independent of the particular nitrile to be hydrated, a 
standard acid was prepared containing sulphuric acid and water 
in exactly this proportion, and then the required amount meas- 
ured out volumetrically. In most cases, 5 grams of the nitrile 
were used at a time, and the reaction carried out in sealed tubes 
at temperatures varying from 100°-200°. 

As expected, the imide was the chief product in all cases. 
Cyanpropionic acid, cyanpropionamide, and succinic acid were- 
not found in any of the tubes. The absence of #-cyanpropi- 
onic acid and its amide is not strange, as the hydration would’ 
certainly carry the cyanpropionamide further, <and cyanpropi- 
onic acid would rearrange to succinimide at the temperature of 
the reaction. That no succinic acid was found, however, seems: 
to argue that the major part of the imide did not come from con- 
tinuous formation and breaking down of the amic acid, for the. 








SUCCINIC AND GLUTARIC ACIDS. 23 


amic acid is so easily hydrated to succinic that in the early stages 
of the reaction, when small amounts of the amic acid had formed 
and there was still an excess of uncombined dilute sulphuric acid 
present, it seems difficult to understand why no trace of succinic 
acid resulted. Any succinic acid produced in the reaction should 
have been recovered unchanged, as the temperature was in no 
case high enough or maintained jfor a sufficient length of time to 
cause the acid to combine with the unchanged nitrile and thereby 
yield the imide. 

If the imide did not owe its origin to amic acid, it could not 
have come from the amide at all, as the temperature was too low 
to drive ammonia out of the amide. The only remaining ex- 
planation is that the chief source of the imide was the rearrange- 
ment of the cyanpropionic acid, and that the hydration, therefore, 
proceeded mainly along this line. Small amounts of succinamide 
and of succinamic acid were, however, isolated from many of the 
tubes, the presence of the latter being quite possibly due to a 
partial rehydration of the imide, to establish the equilibrium be- 
tween the system-imide, amic acid, water. The production of 
imide in tubes 5 and 6, where no mineral acid was present, also 
seems more likely to be due to a decomposition of ammonium 
cyanpropionate than of ammonium succinamate. That the hy- 
dration should tend to complete itself upon one cyanogen group 
before attacking the next is quite analogous to the action of 
oxidizing agents, halogens, etc., upon similar straight chain 
compounds. 

As the question of temperature determines the relative yield 
of imide, it may be said, briefly, that, for the production of suc- 
cinimide, it is best to heat for about two days at 165°-175°. 
Below this point the hydration is slow and incomplete ; above it, 
partial carbonization follows. For glutarimide, a temperature of 
180°-200° is desirable. 

EXPERIMENTAL PART. 

For Succinimide.—Sealed tubes were prepared containing 5 
grams of ethylene cyanide, and a mixture of two molecules of 
water to half a molecule of absolute sulphuric acid (= 3.6 cc. of 
a sulphuric acid of 1.478 specific gravity). These tubes were 
heated at various temperatures and for varying lengths of time, 
the product being a brown crystalline solid usually more or less 
moist according to the temperature of the reaction and the dura- 
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tion of the heating. The method of working up the contents of 
the tubes was based upon the following considerations : 

The bodies possibly present in the tubes after heating are the 
various hydration products already indicated, succinimide, ammo- 
nium sulphate, excess of sulphuric acid and water. By rubbing 
up such a mixture with a thin paste of barium carbonate, the ex- 
cess of sulphuric acid and most of the ammonium sulphate form 
barium sulphate; cyanpropionic acid, succinamic and succinic 
acids, yield barium salts; ethylene cyanide, cyanpropionamide, 
succinamide and succinimide remain unchanged. If the mass be 
then evaporated, carefully dried, powdered, and extracted with 
absolute alcohol, ethylene cyanide, cyanpropionamide, and suc- 
cinimide will be dissolved out, while succinamide remains for the 
most part insoluble. Ethylene cyanide, cyanpropionamide, and 
succinimide can then be separated by selection of suitable gol- 
vents, etc. The residue insoluble in absolute alcohol may con- 
tain succinamide, the barium salts of cyanpropionic, succinamic 
and succinic acids, barium carbonate and sulphate, ammonium 
carbonate, and, possibly, a little unchanged ammonium sulphate. 
By extraction with water, all except barium carbonate and sul- 
phate are dissolved, and ignition of the residue will show no or- 
ganic matter. Addition of sulphuric acid to the aqueous solution 
will then liberate the organic acids from their barium salts, when 
they can be removed by repeated extraction with ether. Finally, 
if barium carbonate be added to the acid solution after the ether 
extraction, and the filtrate from precipitated barium sulphate 
evaporated and the residue ignited, the carbonizing of the residue 
will show the presence of amide or of acids insoluble in ether, 
which may then be extracted by proper solvents until the ignition 
of the residue shows no organic matter. 

As examples, the following tubes may be mentioned: Tubes 
I, 2, 3, and 4 all contained 5 grams of ethylene cyanide, two 
molecules of water, and half a molecule of sulphuric acid. They 
were heated as follows : 

No. 1, six hours at 131° to 138°. 

No. 2, six hours at 142° to 155°, and then three hours at 158° 
to 165°. 

No. 3, six hours at 154° to 162°. 

No. 4, five hours at 160° to 170°, and then six and a half hours 
at 159° to 165°. 
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The contents of the tubes were worked up as already outlined. 
Succinimide was found in all of the tubes, the amount increasing 
with the rise in temperature and the duration of the heating. 
No. 1 contained much unchanged cyanide. Small amounts of 
amic acid occurred in all of these tubes, and’ traces of what ap- 
peared to be amide were separated in several. 

No. 5 contained 5 grams of ethylene cyanide, two molecules of 
water, and no sulphuric or other mineral acid. It was heated 
for five hours at 153° to 173°. The mixture in the tube then 
appeared as a brownish liquid containing oily globules, and with 
a strong odor of ammonia. Most of the cyanide appeared un- 
changed, as scarcely any imide could be detected. 

No. 6 carried 5 grams of the cyanide, one molecule of water, 
and no mineral acid. It was heated for six hours at 153° to 
173°. The tube contents were then brown and semisolid. Suc- 
cinimide in large amount was separated, a small amount of amic 
acid, traces of succinamide, but no cyanpropionamide was dis- 
covered. 

For Glutarimide.—Trimethylene cyanide was heated in sealed 
tubes with two molecules of water and half a molecule of sul- 
phuric acid, for five to ten hours at 155° to 200°, and the prod- 
ucts of the reaction separated in essentially the same manner as 
for the succinimide tubes. Glutarimide was isolated in large 
amount (60 per cent. of theory), but no amide or amic acid could 
be detected, except the imide, the tubes containing only unhy- 
drated cyanide. A temperature of 180° to 200° is necessary for 
the success of the hydration. 


ORGANIC LABORATORY, HAVEMEYER HALL, 
COLUMBIA UNIVERSITY, 7 
July 1, 1901. 





ON THE DETERMINATION OF CITRATE-INSOLUBLE 
PHOSPHORIC ACID. 


By C. D. HARRIS. * 


Received October 12, r90r. 
HE method used in the laboratory of the North Carolina De- 
partment of Agriculture up to recently was as follows : 
Two grams of the sample to be analyzed were washed free of 
water-soluble phosphoric acid. Then 100 cc. of strictly neu- 
tral ammonium citrate solution (sp. gr. 1.09) in an 8-ounce Erlen- 
meyer flask, was. heated to 65°, in a water-bath, keeping the 
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flask loosely stoppered to prevent evaporation. When the citrate 
solution in the flask had reached 65°, the filter containing the 
washed residue from the water-soluble phosphoric acid determina- 
tion was dropped in and the flask stoppered tightly and shaken 
until the filter-paper was reduced toapulp. The flask was then 
placed back, loosely stoppered, in the water-bath, the tempera- 
ture of which was so maintained as to give exactly 65° in the ci- 
trate flask. The flask was shaken every five minutes. At exactly 
thirty minutes from the time the filter and the residue were in- 
troduced, the flask was removed from the bath and the contents 
filtered as rapidly as possible. The residue on the filter was then 
washed thoroughly with distilled water at 65°. The filter and 
its contents were then returned to the original digestion flask, and 
40 cc. nitric acid and 20 cc. hydrochloric acid were added and 
boiled down to about 15 or 20 cc. concentration. 

The solution was diluted to 200 cc., and 4o cc., corresponding 
to 0.4 graim of fertilizer, were measured into a 500 cc. Erlenmeyer 
flask. Add 10 or 12 grams ammonium nitrate and a little dis- 
tilled water. The excess of acid is neutralized with ammonia. 
When the contents had cooled 30 cc. of recently filtered molyb- 
dic solution were added and the flask, after securely stoppering 
with an ordinary rubber stopper, was placed in a Wagner shaking 
machine which was revolved by a hot-air motor and shaken for 
thirty minutes. The shaking machine was maintained at from 
45 to 55 revolutions per minute, as this velocity has been found 
to give the maximum agitating efficiency. The flask was removed 
from the shaking machine and contents filtered, washed, returned 
to the shaking flask, and titrated. 

The method of filtering the contents of the flask, after heating 
with citrate solution, through a funnel in which was a very thick 
filter-paper and platinum cone and using pressure for rapid work, 
was found to be unsatisfactory in three ways: 

First.—The filter-paper was likely to burst and thereby neces- 
sitate another filtration. 

Second.—It was very difficult to fit the filter-paper in the funnel 
so that no air would get in around the sides and retard the filtra- 
tion. 

Third.—It was entirely too slow for rapid work. 

Having encountered these difficulties, the Hirsch funnel was 
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tried, using a closely fitting filter-paper in the bottom, but it was 
found very difficult to fit this filter-paper so that none of the 
substance would pass down around the edges and render the de- 
termination valueless. 

This method not proving satisfactory, the Hirsch funnel, using 
filter-paper pulp in the bottom, was next tried. It was found 
that in order not to allow any of the substance to pass through, 
it was necessary to use a large amount of pulp and this rendered 
the filtration as slow as in the first case. 

This method being abandoned, a filter of the following con- 
struction was tried: Take a carbon filter, and place in the bottom 
of it a tightly fitting perforated porcelain disk, to which is attached 
a small wire that extends down beyond the small end of the car- 
bon filter. A rubber stopper is then fitted tightly in a pressure 
bottle and the carbon filter passed through it. A layer of asbes- 
tos is placed on the disk in the carbon filter and by the aid of 
pressure this gave entire satisfaction. 

By this method it took only from thirty to forty minutes to 
filter and wash the residue, while with the old way it took from 
one and a half to two hours. 

Where a large number of samples are to be analyzed one will not 
only save a great deal of time but the residue can be washed more 
thoroughly. 

Some difficulty was also experienced from the cracking of the 
ordinary rubber stopper used in the shaking flask, when revolv- 
ing in the shaking machine, because the solution would leak out 
around the crack in the rubber stopper. To prevent this, antimony 
rubber stoppers were tried and these proved very successful as no 
leaking has been noticed since they were put in. 

In another part of the method, rapidity will also be in- 
creased by proceeding as follows: Just before adding the molybdic 
solution, to precipitate the phosphoric acid, neutralize the excess 
of acid with ammonia, and then add ro or 12 grams of ammonium 
nitrate ; then the molybdic solution can be added immediately, 
for the ammonium nitrate cools the solution down to where it is 
safe to precipitate and no waiting to cool is necessary as is the 
case if ammonium nitrate is added before the excess of acid is 
neutralized. 








A HYDROLYTIC DERIVATIVE OF THE GLOBULIN EDES- 
TIN AND ITS RELATION TO WEYL’S ALBU- 
MINATE AND THE HISTON GROUP. 


By THOMAS B. OSBORNE. 


Received September 28, 1901. 
T is well known that globulins, after precipitation from salt 
solutions, either by dilution or dialysis, usually do not 
redissolve completely in solutions of a neutral salt. 

Wey!' states that, on long contact with water, globulins 
gradually become insoluble in neutral sodium chloride solutions 
of every concentration, and designates the substance thus formed 
as ‘‘albuminate.’’ Very recently Starke’ calls attention to the 
action of water on globulin and states that the precipitated 
globulin, when washed but a few times with water, always be- 
comes nearly, or quite, insoluble in saline solutions, whereas 
globulin, which is precipitated by saturating its solution with 
neutral salts, can be kept for months in the saturated brine 
without losing its solubility. 

In the presence of a very little acid this change from a soluble 
to an insoluble state appears to take place more rapid!y. Thus a 
globulin thrown down by carbonic acid from a salt solution very 
soon becomes, to a large extent, insoluble in neutral solutions of 
sodium chloride. Myosin is rapidly changed into an insoluble 
form by the acid which develops in the muscle substance after 
death, and legumin extracted from leguminous seeds is soon con- 
verted into a form insoluble in salt solutions, unless the acid is 
neutralized as soon as the extract is made. 

The following investigation makes it probable that the insoluble 
product, in the case of edestin at least, results from the hydro- 
lytic action of hydrogen ions, and that this change in the protein 
molecule is the first of a series which leads to the formation of 
‘‘acid albumin.’’ 

In the case of edestin and other proteins of the endosperm, this 
change from a soluble to an insoluble form takes place much less 
readily than in proteins from physiologically active‘animal tissues. 
It is also true that the proteins of the wheat embryo, which is 
likewise capable of great physiological activity, are also much 


1 Ztschr. physiol. Chem., 1, 72 (1877.) 
2 Starke: Ztschr. Biol. n. f., 22, 425. 
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more prone to become insoluble, in the way described, than those 
of the exdosperm of wheat and other seeds." 

Since this derivative of edestin is a definite substance, well 

characterized by its properties and reactions, I propose to call it 
edestan, and if, as seems probable, the other protein bodies yield 
similar derivatives, these may be named in a like manner by 
changing the termination 7”, usually applied to the protein sub- 
stance, toaz. The group of substances belonging to this class 
may be called proteans, thus following the practice whereby the 
more altered and basic hydrolytic protein derivatives are desig- 
nated proteoses, and the individual members albumose, caseose, 
etc. ; 
It is important that a distinction should be made between these 
proteans and those products which result from a more profound 
change in the protein molecule, caused by the action of stronger 
acids and alkalies, and which are now known as acid and alkali 
albumin. 


A. ACTION OF WATER ON EDESTIN. 


Pure water, because it is but slightly ionized, has little effect 
on pure edestin’ at the room temperature. If, however, carbonic 
acid is present, edestan is formed in decidedly larger amount. 

Gram portions of pure and perfectly neutral edestin were 
suspended in water, agitated frequently and exposed to different 
temperatures for definite periods of time. An equal volume of 
20 per cent. sodium chloride solution was then added toeach, and 
the solution made neutral to phenolphthalein, by which the 
unaltered edestin was at once dissolved and the formation of 
edestan was stopped. Theedestan was allowed to settle over night 
and was then easily collected on a filter- and thoroughly washed 
with 10 per cent. sodium chloride brine, until the washings showed 
no trace of the xanthoproteic reaction. 

Nitrogen was determined in the residue and the amount of 
edestin calculated by multiplying the nitrogen by 5.4, since, as 
will be shown later, edestan contains 18.5 per cent. of nitrogen. 
The results obtained were the following : 


1 CG. Martin: Jour. Physiology, 8, viii, (1887). 

2 For the properties of edestin, and its relations to acids and alkalies, the paper fol- 
lowing this should be consulted, in which will be found in detail the evidence on which 
are based many of the statements made in this paper, concerning edestin and its com- 
pounds. Also, Osborne, ‘‘On Some Definite Compounds of Protein Bodies,’’ This Journal, 


21, 486. 
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TABLE I.—PERCENTAGE OF EDESTAN FORMED BY CONTACT WITH WATER. 
: Treated with sodium chloride solution after 6 hours. 





Io per cent. Water +CO. Pure water Pure water Pure water 
NaCl at 20°. at 20°. at 20°. at 30°. at 50°. 
2.16 6.75 4.32 7.11 29.00 


The portion which was treated with sodium chloride solution 
stood exactly as long as the others before filtration.. The insol- 
uble matter which this contained consisted of a little edestan 
which was originally present in the preparation and of edestan 
which was formed by treatment of the edestin with the salt solu- 
tion. The above figures show that even at 20° a notable quantity 
of edestan is formed by water alone and that the quantity is de- 
cidedly greater if the water contains carbonicacid. At 50° about 
four times as much edestan was formed as at 30°, and nearly 
eight times as much as at 20°, which agrees with the fact that 
the velocity of such a reaction is about doubled by each increase 
of 10° in the temperature. 

B. ACTION OF ACIDS ON EDESTIN. 

Edestin combines with small, but definite, quantities of acid to 
form salts in which the edestin molecule is unchanged. In the 
presence of an excess of acid, above that required to form these 
salts, edestin is converted by the free hydrogen ions into edestan, 
as the following experiments show. 

Gram portions of pure, neutral edestin were suspended in water 
enough to make a final volume of 20 cc., and to the different por- 
tions the quantity of centinormal acid stated in the following table 
was added. After being frequently agitated during the times in- 
dicated, the acid was neutralized by an equivalent quantity of deci- 
normal potassium hydroxide solution and the amount of edestan 
that had formed was detérmined, as in the preceding experiments 
with water. 

TABLE II.—PERCENTAGE OF EDESTAN FORMED BY ACIDS AT 20°. 


HCl HCl HNO; HNO; HNO; 
gcc. —— 14 cc. —# 18cc. ———__ 19 cc. ——_—_- 20ec. —— 
100 100 I 100 
3 hours. 20 hours. 3 hours. 20 hours. 24 hours. 24 hours. 24 hours. 
9.01 12.15 29.80 33-55 68.38 75.20 79.02 


These figures, compared with those of Table I, show that 
edestin yielded much more edestan in contact with acids than in 
contact with water, and also that the percentage of edestan pro- 
duced increased with the amount of acid. 

One gram of this air-dry edestin preparation (equivalent to 
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0.9300 gram of water-free edestin) can combine with 13 cc. of 
centinormal hydrochloric acid, so that in the portion containing 
g ce. only that amount of acid was free which was produced by 
the hydrolytic dissociation of the compound formed, whereas the 
portion with 14 cc. of acid contained, in addition, a small amount 
of free acid, the effect of which is shown by the greater amount 
of edestan formed in it. That, in both cases, only a little more 
edestan was formed during twenty hours than during three hours 
is explained by the fact that edestan unites with a larger propor- 
tion of acid than does edestin, and consequently, as the propor- 
tion of edestan increases the proportion of free acid diminishes. 
With 20 cc. of nitric acid 79 per cent. of the edestin was con- 
verted into edestan. 

From the salts of edestin, such as usually constitute the crys- 
talline preparations as heretofore made by the usual methods, 
edestan may be prepared just as from the pure and neutral edestin 
which was used in the preceding experiments. One gram of a 
preparation consisting of edestin mono- and bichloride, chiefly 
the latter, and which already contained 6.32 per cent. of edestan, 
that had been formed during its preparation, was suspended in 
water and brought into solution by adding 3 cc. of centinormal 
hydrochloric acid. The added acid, as well as that originally 
combined with the edestin,' was at once neutralized, an equal 
volume of 20 per cent. sodium chloride solution added, which 
dissolved the unaltered edestin, and the edestan was determined 
as described above. Deducting the edestan originally present in 
the preparation, it appeared that during the very brief action of 
the acid, 3.49 per cent. of edestan had been formed. In a similar 
experiment with 3 cc. of acid, which was left in contact with the 
preparation for twenty hours before neutralization, 29.5 per cent. 
of edestan was formed. Using 1o cc. of acid, instead of 3 cc., 
13.32 per cent. of edestan was formed at once, and 70.46 per cent. 
after twenty hours’ contact. 

That the amount of edestan formed in a given time depends on 
the degree of ionization of the acid was shown by suspending 
gram portions of neutral edestin in 6 cc. of water, adding 14 cc. 
of centinormal hydrochloric, phosphoric and acetic acids, respec- 
tively, and, after frequently agitating for about two hours at 20°, 
determining the amount of edestan formed in each. 


. - r . : HCl 
1 One gram of this preparation contained acid equivalent to 11 cc. of aaa 
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TABLE III.—PERCENTAGE OF EDESTAN FORMED BY EQUIVALENT QUANTI- 
TIES OF DIFFERENT ACIDS UNDER THE SAME CONDITIONS. 
HCl. HyPO,. H,C202. 
19.29 16.02 5.65 
The solution of phosphoric acid used in this experiment con- 

tained 0.98 gram of H,PO, per liter, being made on the assump- 
tion that this acid behaves towards edestin as a monobasic acid. 
The much smaller quantity of edestan formed by acetic acid, com- 
pared with that formed by hydrochloric acid, is in accord with 
the lesser ionization of this acid. 


C. COMPOSITION OF EDESTAN. 


Ten grams of a preparation of crystallized edestin chloride were 
suspended in water, in a glass-stoppered bottle and 30 cc. of deci- 
normal hydrochloric acid were gradually added. After the re- 
sulting clear solution had stood at the room temperature for about 
two hours, it was made neutral to phenolphthalein by adding 38 
cc. of decinormal potassium hydroxide solution, the 8 cc. in the 
excess of the 30 cc. of added acid being required to neutralize the 
acid originally combined with the edestin preparation. 

The curdy precipitate that formed on neutralizing, was washed 
thoroughly with 10 per cent. sodium chloride solution and then 
with water, until chlorides were removed, and finally with abso- 
lute alcohol. Dried over sulphuric acid, this formed preparation 
1, which weighed 6.82 grams. 

This experiment was repeated with another preparation of 
edestin chloride, the acid solution allowed to stand over night at 
a temperature below 10°, and then so cc. of decinormal potassium 
hydroxide solution were added. Although this excess of alkali 
was more than sufficient to dissolve the entire quantity of sub- 
stance which was precipitated by neutralization, had this been 
unchanged edestin, nevertheless very little protein matter was 
dissolved by it. The precipitate was filtered out, washed with 
water, dehydrated with absolute alcohol and found to weigh 8 
grams after drying over sulphuric acid. This formed prepara- 
tion 2. ; 
Preparations of edestin chlorides, which contain the water- 
soluble bichloride, yield aqueous solutions, from which the pro- 
tein matter is precipitated by a little sodium.chloride. The pre- 
cipitate thus formed is never wholly soluble again in stronger 
solutions of sodium chloride, a part being converted into the 
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so-called ‘‘albuminate’’ of Weyl. In order to establish the 
relations of this substance with that produced by the action of 
acids on edestin, under known conditions, a quantity of edestin, 
that had been obtained as a crystalline precipitate by cooling a 
warm dilute sodium chloride extract of hemp-seed meal, was 
washed by decantation with water until the sodium chloride was 
largely removed, whereupon the edestin began to dissolve. 

When most had passed into solution, enough sodium chloride, 
in substance, was added to the clear aqueous solution containing 
the edestin to form an 8 per cent. brine. The edestin, at first 
precipitated by partial solution of the salt, mostly redissolved in 
the stronger brine that formed when all the salt had gone into 
solution. 

The part that did not dissolve was filtered out and washed 
thoroughly with salt solution until all the globulin had been 
removed and then extensively with water. As the salt was 
washed away, the residue became gelatinous and dissolved 
slightly, so that it could no longer be washed on a filter. It was 
therefore suspended in water and made exactly neutral to phe- 
nolphthalein’ with very dilute potassium hydroxide solution. 
This converted it into a curdy precipitate which was easily 
filtered out and washed. In this condition it resembled, in all 
respects, the edestan obtained by neutralizing the hydrochloric 
acid solutions just described. After washing thoroughly with 
water and dehydrating with absolute alcohol, this preparation, 
3, was dried at 110° and analyzed with the results given below. 
Preparations I and 2 were likewise dried at 110° and analyzed. 

TABLE IV.—COMPOSITION OF EDESTAN. 











1 2 3 Edestin. 
Carbon .....0.e-eeeeee 51.48 51.91 51.69 51.50 
Hydrogen ......-.+++- 6.91 6.96 6.98 7.04 
Nitrogett ......seveess 18.51 18.49 18.49 18.69 
Sulphur .......--.++6. 1.00 0.99 0.92 0.88 
Oxygen ...--+eeeeeeee 22.10 21.65 21.92 21.89 
100.00 100.00 100.00 100.00 

ASH: oie'sisice'g tre seisie de'e's 0.55 0.06 0.14 


Between these analyses and that of edestin no sufficient differ- 
ence exists to enable us to detect any change in ultimate compo- 
sition caused by its conversion into edestan. A strict comparison 
of the reactions of I and 2 with those of 3 showed that these 
were one and the same substance. 
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D. REACTIONS OF EDESTAN. 


Edestan prepared as just described is a voluminous, dusty, 
white powder which swells somewhat in water and forms a color- 
less, transparent jelly with very dilute hydrochloric acid. Whether 
a true solution was formed by the dry powder in this extremely 
dilute acid could not be ascertained since the opalescent fluid 
that resulted could not be filtered clear. 

Dry, neutral edestan is scarcely soluble, even in strong 
ammonia, but the gelatinous mass, formed by treating the 
substance with very dilute hydrochloric acid, is slightly more 
soluble, though in either case the amount dissolved by ammonia 
is very small. The solution in ammonia yields a precipitate 
with ammonium chloride ; consequently when hydrochloric acid 
is added to the ammoniacal solution a precipitate forms, even 
when much of the ammonia is unneutralized. | The ammoniacal 
solution is not precipitated by sodium chloride. 

A strong solution of edestan, which, however, probably con- 
tains a little unaltered edestin, may be prepared by dissolving 
edestin in centinormal hydrochloric acid in the proportion of 30 
cc. to each gram and allowing the solution to stand for at least 
twenty-four hours. One-third of the acid may then be neutralized 
by adding the requisite quantity of very dilute potassium 
hydroxide solution. An opalescent, unstable, supersaturated 
solution results, which can be filtered nearly clear and, if abun- 
dantly diluted, yields no precipitate within several hours. Such 
a solution of edestan chloride yields a precipitate with 10 per 
cent. ammonia, which is soluble in a considerable excess, the 
resulting solution being readily precipitated by ammonium 
chloride. By decinormal ammonia solution the substance is pre- 
cipitated but not redissolved, even by a very large excess of this 
ammonia solution. 

The aqueous solution of edestan chloride yields a precipitate 
with a very little ammonium or sodium chloride, the latter being 
readily, the former with difficulty, dissolved by an excess of am- 
monia. 

With nitric acid, edestan gives a precipitate completely soluble 
on warming but reprecipitated on cooling. 

With potassium phosphotungstate, sodium phosphomolybdate or 
sodium picrate, edestan chloride forms slimy precipitates. With 
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a solution of ovalbumin, edestan chloride yields an abundant pre- 
cipitate. 

Mercuric chloride forms no precipitate in a dilute solution of 
edestan chloride, nor in a relatively strong one, unless a consider- 
able amount of this reagent is added. 

Very dilute hydrochloric acid does not precipitate edestan, but 
the strong acid gives a precipitate, which dissolves in a sufficient 
excess of concentrated acid. 


E. THE AMOUNT OF ACID WITH WHICH EDESTAN COMBINES. 


Edestan exists in preparations of edestin chlorides in combina- 
tion with acid. The amount of acid with which this substance 
forms a compound, sparingly soluble in water, appears to be 
definite, as the following experiments show. 

A quantity of a preparation of edestin chloride was dissolved, 
as far as possible, in 10 per cent. salt solution and the insoluble 
edestan was allowed tosettle. This was first washed thoroughly 
with. salt solution, until the edestin was removed, and then with 
water, in which a very little dissolved, while the remainder 
formed a gelatinous mass. The latter was suspended in water 
and dialyzed until the sodium chloride was removed. ‘The 
dialyzer then contained an opalescent fluid and a voluminous pre- 
cipitate. Of this fluid, 25 cc. were made neutral to phenolphthalein 
by adding 2.5 cc. of a centinormal solution of potassium hydrox- 
ide and by evaporating and drying the residue at 110° was found 
to contain 0.1165 gram of substance. The same volume drawn 
from the bottom of the dialyzer, which contained much of the 
undissolved matter, was made neutral by 11 cc. of the alkali and 
contained 0.4710 gram of substance. These quantities correspond 
to an acidity of 21.5 and 23.4 cc., respectively, of a centinormal 
solution per gram of edestan. A repetition of this experiment 
gave essentially the same result. 

A quantity of the insoluble matter which remained on treating 
another preparation of edestin chloride with 10 per cent. sodium 
chloride brine was thoroughly washed with salt solution, once 
with water and finally with dilute alcohol, until all the salt was 
removed. A quantity of the still moist substance was then 
suspended in water, finely divided by straining through fine 
bolting-cloth, and 4 cc. of decinormal potassium hydroxide 
solution added, which was decidedly in excess of the quantity 
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necessary to make the mixture neutral to phenolphthalein. 
After agitating continuously for some time, the excess of alkali 
was neutralized by 2.1 cc. of decinormal hydrochloric acid, 
which showed that 1.9 cc. of the alkali had been neutralized by 
the acid combined with the substance. By evaporating and dry- 
ing the residue at 110° it was found that 0.9430 gram of edestan 
was present in the mixture, from which it appears that its original 
acidity was equal to 20.1 cc. of a centinormal solution per gram. 

Another portion of this substance was suspended in water in a 
finely divided state and brought into solution by adding 2 cc. 
of decinormal hydrochloric acid and shaking for some time. The 
solution was then made neutral to phenolphthalein, by adding 
3 cc. of decinormal potassium hydroxide solution, and the 
amount of dissolved edestan found to be 0.5039 gram, from 
which it is seen that its original acidity was equal to 20 cc. of 
a centinormal solution per gram. 

This quantity is just three times the acidity of edestin mono- 
chloride and one and a half times that of the bichloride ; conse- 
quently ifedestan is formed from edestin without any notable 
change in molecular weight, this substance occurs in preparations 
of edestin chlorides as a trichloride, assuming edestin to have 
a molecular weight of about 14,500. 

Bang" has recently reviewed the reactions of the histons and 
concludes that for the present these may be defined as follows: In 
neutral solution the histons are precipitated by the cautious addi- 
tion of ammonia, the precipitate in the presence of an ammonium 
salt very soon becoming insoluble in an excess of ammonia.. They 
give a precipitate with nitric acid, which dissolves on heating and 
reappears on cooling. They are precipitated from neutral solu- 
tion by heating, if their solutions contain some sodium chloride, 
not, however, if they are poor in salts. Neutral solutions of 
histons are precipitated by the alkaloid reagents and by solutions 
of ovalbumin and other proteins. In this group of bodies Bang 
includes goose-blood histon, thymus histon, scombron, and globin. 

I have shown that edestan has all these reactions with the ex- 
ception of the precipitation of the solution by heat in the pres- 
ence of moderate quantities of neutral salts. This reaction could 
not be obtained with edestan as it is insoluble in water, and the 

Bang: Zéschr. physiol. Chem., 27, 463. 
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‘aqueous solution of its chloride gives a precipitate with a very 
little salt which is insoluble in stronger saline solutions. 

The most important difference between these histons and edestan 
‘is that the former appear to be soluble in water when neutral, 
whereas neutral edestan is very insoluble in water, the reactions, 
which I have described, being given by aqueous solutions of its 
chloride. This combined acid, however, is present in such small 
proportion that it can be detected only in concentrated solutions 
by using very delicate litmus paper, so that it might easily be 
-overlooked were its presence unknown. Bang gives no evidence 
that his solutions did not contain a similar proportion of acid and 
it seems probable that some of them at least did contain it, since 
‘the substances were extracted by dilute hydrochloric acid and the 
‘solutions made ‘‘neutral’’ presumably to litmus, this indicator 
‘being the one commonly employed by physiologists for such pur- 
‘poses. ‘That any near relation exists between edestan and the 
bodies enumerated by Bang as histon is not probable, except in 
the case of globin, which seems to be more nearly related to edes- 
tan than to the histons since globin is a true protein substance, 
obtained from hemoglobin by the action of acids under condi- 
tions similar to those leading to the formation of edestan. With 
thymus histon and with scombron, it would seem that edestan and 
-globin have little in common, since the two former yield little or 
no proteoses on pepsin digestion, whereas edestin yields such 
abundantly, and globin doubtless does the same. 

From the facts now at our command it is evident that we have 
‘two different classes of bodies which conform pretty closely to 
‘the reactions characteristic of the histons. It is important to 
recognize this fact, since otherwise confusion will result if these 
two classes are not distinguished from one another, and protein 
-derivatives produced by the acid used in preparing these substances 
amay be regarded as actual constituents of the tissues. 

SUMMARY. 

By the action of water or very dilute solutions of acids, the 
globulin edestin is converted into a substance insoluble in saline 
solutions of moderate concentration. 

This derivative of edestin is formed by hydrolysis, the amount 
‘formed being proportional to time and the concentration of the 
‘solution in hydrogen ions. In pure water less is formed in a 
given time than in water containing carbonic acid. More is 
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formed by a given quantity of hydrochloric acid than by an 
equivalent quantity of phosphoric acid, and by either of these 
acids much more is formed than by an equivalent of acetic acid. 

This substance is the same as that designated as ‘‘albuminate’’ 
by Weyl, which is formed in greater or less amount in prepara- 
tions of crystallized edestin made in the usual manner, and is 
without doubt the first product of the hydrolytic changes leading 
to the formation of the so-called acid albumin. 

It is probable that the products insoluble in saline solutions 
which are formed from other globulins, originate from the same 
cause, and that these form a distinct class of hydrolytic deriva- 
tives of the native protein molecules. 

For this derivative of edestin the name edestan is proposed. 

The ultimate composition of edestan is the same, so far as can 
be determined by analysis, as that of edestin from which it orig- 
inates. ‘ 

Edestan forms salts with hydrochloric acid which react acid 
toward phenolphthalein to the full extent of the combined acid. 
One salt, having an acidity equivalent to 20 cc. of a centinormal 
solution per gram, is very sparingly soluble in water. It is this 
salt which forms the so-called ‘‘albuminate’’ found in edestin 
preparations. If edestan has a molecular weight near that of 
edestin, assumed to be about 14,500’ this acidity would corre- 
spond to that of a trichloride, being just three times that of edes- 
tin monochloride and one and one-half times that of the bichlo- 
ride. 

Edestan is insoluble in water, far less soluble in solutions of 
potassium hydroxide than is edestin and insoluble in ammonia 
water, unless the solution of the latter is relatively very strong. 

The aqueous solution of edestan chloride, when concentrated, 
reacts acid with litmus. It is precipitated by neutralization, the 
precipitate being soluble in strong ammonia, yielding a solution 
which is precipitated by ammonium chloride but not by sodium 
chloride. 

The aqueous solution of edestan chloride gives a precipitate 
with nitric acid which dissolves on warming and reappears on 
cooling; a precipitate with ovalbumin solutions with the alka- 
loidal reagents and with sufficient mercuric chloride if its solution 
is concentrated. These reactions agree closely with those given 

1 See Osborne: This Journal, 21, 486 (1899); also the paper following. 
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by Kossel as characteristic of histons, but with the true histons 
edestan has little in common. 
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THE BASIC CHARACTER OF THE PROTEIN [MOLECULE 
AND THE REACTIONS OF EDESTIN WITH DEFINITE 
QUANTITIES OF ACIDS AND ALKALIES. 

By THOMAS B. OSBORNE. 

Received September 28, 1901. 

I. INTRODUCTION. 

The Basie Character of the Protein Molecule. 

HAT the proteins are ionized and highly reactive bodies is 

indicated by the rapidity with which they unite with both 

bases and acids, by the readiness with which, in many cases, 

they respond to changes in the ionization of their solutions, and 

also by the fact that they are, chemically, the most active con- 
stituents of protoplasm. 

That they are neutral bodies, like the carbohydrates, is not in 
harmony with what is known of them. 

Nevertheless, it appears to be generally assumed that a solution 
containing protein matter, which shows neither acid nor alkaline 
reaction with litmus, is chemically neutral. 

Observations are on record which show that some protein solu- 
tions, when neutral to litmus, are acid to phenolphthalein and 
alkaline to lacmoid. It is also well known that a notable quan- 
tity of acid can be added to a protein solution before an acid re- 
action with tropaeolin, alizarine, or phloroglucin and vanillin ap- 
pears. 

The fact that acids combine with protein bodies is, therefore, 
well known, and, in making preparations of these substances, the 
necessity of removing such acids has long been recognized. This 
has been supposedly accomplished by adding potassium or sodium 
hydroxide or carbonate until the reaction with litmus becomes 
neutral. I am not aware that any one has offered any evidence, 
however, that by this procedure this object is fully accomplished. 
It is of importance, therefore, to know whether litmus can be 
used to determine the point when all combined acid has been con- 
verted into neutral salts of potassium or sodium and all the pro- 
tein substance has been set free, or whether, as we know is the 











40 THOMAS B. OSBORNE. 


case when tropaeolin or lacmoid is used as an indicator, more acid 
still remains combined. 

Solutions in water of preparations of crystallized ovalbumin, 
in sodium chloride brine of excelsin, amandin, vignin, conglutin, 
glycinin, corylin, phaseolin and legumin, and in 75 to go per 
cent. alcohol of zein, gliadin and hordein,’ which were either 
neutral or acid when tested with a strip of sensitive, neutral lit- 
mus paper, capable of showing distinctly the presence of 0.25 cc. 
of centinormal hydrochloric acid in 10 cc. of water, when made 
neutral to litmus, were, in every case, still acid towards phenol- 
phthalein.* With the exception of ovalbumin, these preparations 
had been made by the methods usually employed and had come 
in contact with no acid except that contained in the seeds from 
which they were obtained. The ovalbumin preparations were 
made both by Hopkins’s and by Hofmeister’s methods, the acidity 
of all of them being the same. 

To render gram portions of these several protein preparations 
neutral to litmus required in a few cases not any, in most cases 
from 0.1 cc. to 1.5 cc. of, decinormal alkali; while to make the 
same I-gram portions neutral to phenolphthalein required the 
further addition of from 0.7 to 1 cc. of decinormal alkali, except 
for legumin, which required 2 cc. 

This reaction with phenolphthalein is sharp and definite, like 
that with strong mineral acids, and is independent of dilution, 
the same result being obtained in a volume of to cc. or in one of 
100 cc. 

The question now arises, whether complete neutralization of 
the combined acid is indicated by phenolphthalein or by litmus. 

Preparations of edestin, which are neutral or acid to litmus, 
when suspended in water and made neutral to phenolphthalein 
by adding potassium hydroxide are not in any perceptible degree 
dissolved, but yield to the solution potassium salts of simple 
acids, which may be obtained therefrom by evaporation. When 
thus freed from these acids, the edestin immediately begins to 
dissolve if more alkali is added. 

Edestin made neutral to phenolphthalein and dissolved in 
sodium chloride solution reacts distinctly alkaline towards litmus. 
This alkaline reaction is caused by the edestin itself and not by 


1 These protein bodies are described in Reports of the Connecticut Agricultural Ex- 
periment Station, 1890 to 1899; also Osborne: Am. Chem. /., 13, 14 and 15; This Journal, 
16, 17, 18, 19, 20 and a1; also “Die Proteide,’’ etc., Heidelberg, 1897. 
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organic salts of the alkali, since such preparations yield a very 
small amount of ash, less than 0.05 per cent., which is neutral to 
both litmus and phenolphthalein. 

Crystalline preparations of excelsin, obtained from the Brazil 
nut, Bertholetia excelsa, are undissolved when suspended in water 
and made neutral to litmus, but are completely dissolved when 
enough alkali, either potassium or its equivalent of ammonium 
hydroxide, is added to render the solution neutral to phenolphthal- 
ein. With less alkali, solution is not complete, the amount of 
excelsin dissolved depending upon the quantity of alkali added. 

Likewise, preparations of legumin from the pea, horse bean, or 
vetch, when suspended in water, are completely dissolved only 
when enough potassium, or an equivalent of ammonium hy- 
droxide is added to neutralize their acid reaction ‘to phenolphthal- 
ein. It is highly improbable that excelsin and legumin can form 
soluble compounds with potassium which are neutral to phenol- 
phthalein, and the fact that an exactly equivalent quantity of 
ammonium causes solution, is also evidence that this is not so, 
since a much larger proportion of ammonium hydroxide than of 
potassium hydroxide is required to dissolve: edestin. Thus, 
I gram of a preparation of edestin, which was completely dis- 
solved by 1 cc. of decinormal potassium hydroxide solution, was 
not entirely dissolved by 13 cc. of decinormal ammonium hydrox- 
ide. Furthermore, the proteins being very weak acids, it is 
scarcely possible that these form salts with potassium which are 
neutral to phenolphthalein. Certainly this is not the case with 
edestin, as the slightest excess of potassium hydroxide above that 
required to neutralize the combined acid at once turns phenol- 
phthalein red. 

Solutions of all the other protein bodies that I have examined, 
when similarly made neutral to phenolphthalein react decidedly 
alkaline with litmus. 

From these facts it seems certain that the proteins are true 
bases, as I have previously pointed out,’ and that they are not 
pseudoammonium bases, as Cohnheim and Krieger assume.’ 


II. COMPOUNDS OF EDESTIN WITH ACIDS. 


Since edestin, when neutral to phenolphthalein, is insoluble in 


1 Osborne : This Journal, 21, 486; Report of Connecticut Agricultural Experiment Sta- 
tion for 1899; also This Journal, 22, 402. 
2 Cohnheim and Krieger : Zschr. Biol., n. f., 22, 95. 
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water, it presents an opportunity for studying the nature of the 
acidity of its preparations, as obtained by the methods now used, 
that is offered by no other protein with which I am familiar. I 
have, therefore, subjected edestin to an extensive study, the 
details of which are given in the following pages. 

This study appeared to be important, as edestin is a true protein 
substance, presenting all the essential characteristics of these 
bodies, so that the reactions into which it enters with basés and 
acids are, without doubt, to a large extent typical of those of the 
proteins in general. 


I. The Degree of Acidity of Edestin Preparations. 


To neutralize to phenolphthalein the acid reaction of a sodium 
chloride solution of 1 gram of each of twenty different prepara- 
tions of edestin made by all the various methods usually em- 
ployed in preparing this substance, it was necessary to add from 
0.85 to 1.5 cc. of decinormal potassium hydroxide solution. To 
neutralize eight of these solutions to litmus required from 0.2 to 
0.5 cc., while the remaining twelve were neutral to litmus, the 
difference in the acidity of the several preparations measured by 
these two indicators being equal to from 0.85 to 1.10 cc. of deci- 
normal alkali. 

The degree of acidity towards phenolphthalein is very easily 
determined by direct titration, since the end reaction appears 
promptly. The same result is obtained by titrating the saline 
solution directly, by dissolving the preparation in an excess of 
alkali and titrating back, or by suspending the edestin in water 
in a stoppered bottle and adding the alkali until a red color ap- 
pears. In the latter case the end-point is obtained more slowly, 
since the reaction takes place with one substance in the solid 
state. 

2. The Nature of the Acids Combined with Edestin. 


Air-dried preparations of edestin, when suspended in water and 
treated with enough dilute potassium hydroxide solution to give 
a just perceptible alkaline reaction with phenolphthalein, do not 
dissolve, as already said, but form, on standing, dense deposits of 
disintegrated crystals, above which a voluminous flocculent layer 
of amorphous matter settles. Some samples, when thus treated, 
separate completely from the solution, leaving it clear and easily 
filtered ; others form a milky, colloidal semi-solution which can- 
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not be filtered. These latter preparations, when suspended in 
50 per cent. alcohol and neutralized to phenolphthalein with 
alkali, yield clear solutions which are easily filtered. The residue 
left on evaporating the filtrate and washings of the neutralized 
edestin, when dried at 110°, usually equals about 1.25 per cent. 
of the edestin, dried at the same temperature. The proportion 
of this residue obtained from several preparations was found to be 
as follows : 


Preparation -- 4 onus iO 3k: a, 18 % 12 
Per cent...... 1.30: E.05 5.27 3,40. ..1.40° 5,2@ 3.41, 1.35. 1.46 
1.26 1.41 5.89 


In order to find the composition of these residues, 75 grams of 
preparation 19' were exhausted with large quantities of 75 per 
cent. alcohol until the final washings left, on evaporation, no 
notable quantity of solids. The total residue left by evaporating 
the whole of these washings weighed 0.2833 gram, equal to 0.38 
per cent. of the protein. Its solution in water was thade neutral 
to phenolphthalein by 3.4 cc. of decinormal potassium hydroxide 
solution, and yielded a precipitate, chiefly protein, weighing 
0.1159 gram. The filtrate from this, when evaporated, left a 
residue weighing 0.1674 gram, of which 0.0133 gram was potas- 
sium that had been added in neutralizing the solution. Deduct- 
ing this, we find that only 0.1541 gram of non-protein matter had 
been removed by washing 75 grams of edestin. On ignition, a 
residue of mineral matter remained, weighing 0.0600 gram, from 
which again should be deducted 0.0133 gram, corresponding to 
the potassium contained in the 3.4 cc. of decinormal solution 
added, so that the total mineral matter removed by exhaustive 
washing from the 75 grams of edestin amounted to only 0.0467 
gram, or 0.06 per cent. The absence of more than traces of 
soluble mineral matter remaining in this sample of edestin having 
thus been demonstrated, it was suspended in pure water, and 
go cc. of decinormal potassium hydroxide solution, diluted with 
much water, was gradually added, which sufficed to exactly 
neutralize the mixture to phenolphthalein. After being shaken 
in a closed flask for some hours, the undissolved edestin was 
filtered out and washed by decantation with alcohol of about 
65 per cent. by volume, applied in six successive portions of 


1 This was obtained by treating hemp seed with 3 per cent. brine heated to 60° and cool- 
ing the clear extract. The protein which separated wholly in octahedral crystals, there- 
fore constitutes a preparation of crude edestin. 
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1 liter each. The filtrate and washings were separately evapo- 
rated and left residues, when dried at 110°, which weighed as 
follows : 


TABLE I.—SOLUBLE MATI®ER FORMED BY NEUTRALIZING EDESTIN 19 
WITH POTASSIUM HYDROXIDE. 





Gram. 

Ist aqueous FLtTALES o's 9:6 6616-6616 050: 00:550:0 wera 0.2542 
Ist one liter 65 per cent. alcohol ....-..- 0.1225 
2d «“ “c 65 « “c rer ne 0.0680 
3d “ “ 65 “ sé Ba hint we 0.0750 
4th 46 « 65 “cc 66 apa ae 0.0725 
sth “ ** 65 * Re Sato aglae 0.0480 
6th bby 5166 65 sc 66 2 FE LAS Pars Smaee F 0.0308 
ROM N alc! oo 4:e-aicieck's Lea ea ee pelea biel e Maia S 0.6710 


These residues were united and extracted with strong alcohol, 
in which a part dissolved. The part soluble in alcohol was also 
soluble in water, forming a yellow solution which required 0.3 cc. 
ef decinormal hydrochloric acid to neutralize it to litmus, and 
0.7 cc. to phenolphthalein. 

When this alcoholic solution was evaporated and the residue 
burned at a low temperature, alkaline vapors were evolved in 
small amount. 

The matters soluble and insoluble in strong alcohol weighed 
respectively 0.1514 and 0.6173 gram, and when analyzed were 
found to contain the following substances : 


TABLE II.—COMPOSITION OF THE POTASSIUM SALTS FORMED BY NEU- 
TRALIZING A CRUDE PREPARATION OF CRYSTALLIZED EDES- 
TIN 19 WITH POTASSIUM HYDROXIDE. 
Part soluble in strong Part insoluble in 





alcohol. strong alcohol. 
Gram. Per cent. Gram. Per cent. 
Organic matter....... e+ee+ 0.0825 54.42 0.1429 23.15 
Potassium carbouate....... 0.0400 26.38 0.0600 9.72 
Potassium sulphate........ 0.0200 13.33 0.0766 12.41 
Potassium chloride........ 0.0052 3-43 0.2750 44.55 
Potassium phosphate...... ...... mae 0.0235 3-74 
Sodism Chloride... cccccs seccce eden 0.0091 1.47 
Undetermined and loss.... 0.0037 2.44 0.0302 4.96 





0.1514 100.00 0.6173 100.00 


The sum of the mineral matters contained in the two portions 
is 0.5433 gram, and had the following composition : 
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TABLE III.—COMPOSITION OF TOTAL INORGANIC SALTS FORMED BY NEU- 
TRALIZING THE CRUDE PREPARATION OF CRYSTALLIZED 
ED:sSTIN I9 WITH POTASSIUM HYDROXIDE. 








Potassium carbonate....... 0. 1000 18.40 
Potassium sulphate......-- 0.0966 17.81 
Potassium chloride........ 0.2802 51.54 
Potassium phosphate. ...... 0.0235 4.32 
Sodium chloride..........- 0.0091 1.67 
Undetermined and loss. ...-. 0.0339 6.26 

0.5433 100.00 


From these figures we find that the greater part of the soluble 
substances formed by neutralizing this preparation consists of 
potassium salts of mineral acids and that 60 per cent. of the 
potassium in these salts is present as chloride. 

We also find that alcohol dissolves a large proportion of the 
organic matter which consists largely of potassium salts of one 
or more organic acids, since the quantity of potassium carbonate 
formed after igniting is equal to about one-half the combustible 
matter. The sum of this latter and the potassium carbonate is 
0.1225 gram, of which 0.0211 gram is potassium and 0.1014 
gram organic. From this a maximum mean molecular weight of 
188 can be calculated, which shows that no considerable part of 
the potassium carbonate is formed from potassium compounds of 
protein. 

Owing to the exhaustive washing to which this preparation 
had been subjected before neutralization, it is improbable that 
this organic matter was an admixed impurity, nor was it a free 
organic acid insoluble in water, because the solution of its potas- 
sium salt remained clear on adding a little hydrochloric acid, 
showing the organic acid to be readily soluble in water. 

We must, therefore, conclude that this organic matter consists 
of one or more of the organic acids of the seed, which had com- 
bined with the edestin. 

In confirmation of these results, this experiment was repeated, 
with sample 20, prepared from a sodium chloride extract of 
hemp seed, which had been neutralized to litmus with potassium 
hydroxide, and dialyzed until the edestin had precipitated in 
crystals. This precipitate was redissolved in 10 per cent. sodium 
chloride brine, heated to 50°, the solution diluted with three 
volumes of water at the same temperature, filtered perfectly clear 
and cooled at 12°. The beautifully crystallized deposit which 
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separated was thoroughly washed, first with 1 per cent., then 
with 0.5 per cent. sodium chloride solution, and finally with 50 
per cent. alcohol until all the salt was removed. ‘This method of 
washing with dilute salt solution and alcohol was necessary, 
because on washing with water alone a large part of the prepara- 
tion dissolved, the reason for which is later explained. 

Thirty grams of the air-dry preparation were suspended in pure, 
freshly-boiled water, and 24 cc. of decinormal potassium hydrox- 
ide solution, likewise diluted with water, were added. The 
mixture, perfectly neutral to phenolphthalein, was allowed to 
stand some time, filtered, and the insoluble edestin thoroughly 
washed with dilute alcohol. 

The filtrate and washings were evaporated, the residue dried 
at 110°, weighed and analyzed with the following results : 


TABLE I1V.—COMPOSITION OF THE POTASSIUM SALTS FORMED BY NEUTRAL- 
IZING A RECRYSTALLIZED PREPARATION OF EDESTIN 
20 WITH POTASSIUM HYDROXIDE. 
In per cent. of the 


Gram. inorganic matters 

Organic matters........+... 0.0315 sees 
Potassium carbonate........ 0.0083 5.7 
Potassium sulphate......-.. 0.0095 6.5 
Potassium chloride .....-.-. 0.1081 73-9 
Sodium chloride....-......- 0.0108 7.4 
Undetermined and loss...... 0.0095 6.5 

Total. .ccccccccscercceve 0.1777 100.0 


These figures in general confirm those previously given, but 
show a larger proportion of potassium chloride and a smaller 
proportion of organic salts and sulphate. This is doubtless the 
result of the récrystallization, whereby this preparation, 20, was 
finally separated from a solution containing a much smaller pro- 
portion of negative ions other than those of chlorine than that 
existing in the solution from which 19 was crystallized. 

As already stated, a part of many preparations of edestin dis- 
solves in water when the associated salts are mostly washed out. 
In order to determine whether or not this solubility is due to a 
difference in the nature of the acids united to the soluble and to 
the insoluble parts, 30 grams of preparation 20 were exhausted 
with pure water and the filtered solution was neutralized with 
10.6 cc. of decinormal potassium hydroxide solution, whereby the 
edestin was wholly precipitated. The clear filtrate and washings 
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from this precipitate were evaporated, the residue dried at 110° 
and analyzed, with results as follows: 


TABLE V.—COMPOSITION OF THE POTASSIUM SALTS FORMED BY NEUTRAL- 
IZING THE PART OF THE EDESTIN PREPARATION 
WHICH WAS SOLUBLE IN WATER. 
In per cent. of the 


Gram. inorganic matters. 

Organic matters ........... 0.0902 
Potassium carbonate........ 0.0021 1.4 
Potassium sulphate ........- 0.0096 6.6 
Potassium chloride .......--. 0.0721 49.8 
Sodium chloride............ 0.0585 40.4 
Undetermined and loss ..... 0.0025 1.8 

Wel ciacds ass ecb eos 0.2350 100.0 


The presence of sodium chloride, which forms so large a part 
of these salts, is undoubtedly due to incompletely washing the 
original preparation, which had been recrystallized several times 
from dilute brine and, in order that the water-soluble edestin 
compound should not be removed from it, had been washed first 
with 0.5 per cent. brine and then with 50 per cent. alcohol. The 
inorganic residue obtained in a similar experiment, described on 
page 49, contained only 11.41 per cent. of sodium chloride, which 
shows that in the present case this is to be regarded as an acci- 
dental contamination and not as a product of neutralization. 

The potassium hydroxide used for neutralizing the edestin was 
equivalent to 0.0791 gram of potassium chloride, of which salt 
0.0721 gram appears in the analysis, even after calculating all the 
other acids as potassium salts. From this, it is evident that the 
water-soluble edestin was mostly combined with hydrochloricacid. 
It is to be noted that all the added alkali, in this case, was recov- 
ered, whereas in the experiments first described only 70 per cent. 
was found in solution. This is doubtless due to the fact that in 
these first experiments the acid neutralized was largely contained 
within the body of the crystals,’ and, as these crystals did not dis- 
solve when neutralized, the potassium salts which formed within 
them were washed out with great difficulty. In this last experi- 
ment the edestin was wholly dissolved at the time the alkali was 
added, and consequently the potassium salts that formed were 
easily separated from it. 

1 Under the microscope the greater part of the undissolved edestin is seen to consist 


of fragments of crystals, most of which are of relatively considerable size, so that potas- 
sium salts formed within these fragments are necessarily extracted with difficulty. 
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The part of preparation 20 which did not dissolve on treating 
with water, was next suspended in pure, boiled water and neu- 
tralized to phenolphthalein, by carefully adding 16.6 cc. of deci- 
normal potassium hydroxide solution. After standing some time, 
the solution was filtered and the undissolved edestin thoroughly 
washed with 75 percent. alcohol. The filtrate and washings, 
when evaporated, left a residue which, when dried at 110°, was 
analyzed with the following results : 


TABLE VI.—COMPOSITION OF THE POTASSIUM SALTS FORMED BY NEUTRAL- 
IZING THE PART OF THE EDESTIN PREPARATION 
WHICH WAS INSOLUBLE IN WATER. 
In per cent of the 





Gram. inorganic matters. 
Organic matters...........- 0.0574 mae. 
Insoluble mineral matter...- 0.0067 5.8 
Potassium carbonate........ 0.0121 10.5 
Potassium sulphate ...-..--- 0.0117 10.F 
Potassium chloride -..-.....- 0.0710 61.5 
Sodium chloride..........-- 0.0085 7.4 
Undetermined and loss ..... 0.0055 4-7 

0.1729 100.0 


In this experiment, 75 per cent. of the potassium added was 
recovered, of which 76 per cent. is chloride and 11 per cent. sul- 
phate. 

In the similar experiment, to be described on page 50, 85 per 
cent. of the potassium added was recovered, of which 47.6 per 
cent. was chloride and 52.4 percent. sulphate. Since the present 
experiment yielded so small a proportion of sulphate, it is evident 
that the insolubility of edestin in water is not simply due to com- 
bined sulphuric acid, but, as we shall later show, is chiefly due 
to the greater proportion of acid combined with the soluble part. 

To make a preparation which, when neutralized, should yield 
only chloride, 3,000 grams of hemp-seed meal were extracted 
with 9 liters of brine heated to 60° and containing 3 per cent. of 
almost chemically pure sodium chloride. The filtered extract was: 
cooled to 8° and allowed to stand over night, until the large crop 
of crystals had been deposited. These crystals were then collected 
on a filter, washed once with water, redissolved in 1 liter of 
sodium chloride brine, the solution filtered perfectly clear, heated 
to 55°, diluted with three volumes of water at the same tempera- 
ture, and rapidly cooled to 0°. 
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The crystalline deposit which separated was suspended in 
water, brought on a filter, and this process repeated until all the 
edestin soluble in water was washed out. The three portions of 
washings first obtained were almost protein-free, the fourth con- 
tained nearly one-half of the original preparation, the fifth much 
less, and the sixth very little. 

To the fourth portion enough pure sodium chloride was added 
to form a ro per cent. solution. + This caused at first an abundant 
precipitate, most of which dissolved when more of the salt passed 
into the solution, which was then filtered and dialyzed for 
forty hours, whereby its salt content was reduced to 2 per cent., 
and the edestin was precipitated in beautiful crystals. These 
were filtered out, washed with 50 per cent. alcohol and finally 
with absolute alcohol and dried over sulphuric acid, giving 37 
grams of a perfectly crystallized, dazzlingly white preparation, 
22, which was mostly soluble in pure water, and wholly soluble in 
sodium chloride solution. 

To neutralize to phenolphthalein, a quantity of this prepara- 
tion corresponding to 1 gram of the water and ash-free substance, 
1.22 cc. of decinormal potassium hydroxide solution was required, 
corresponding to an acidity which, as we shall see later, is that 
of a mixture containing a small proportion of the water-insoluble, 
with a large proportion of the water-soluble, edestin compound. 

Twenty grams of this preparation, air-dry, were then treated 
with 600 cc. of pure water, 220 cc. of centinormal potassium 
hydroxide solution added, and the voluminous precipitate filtered 
out and washed with 250 cc. of water. The filtrate and wash- 
ings, when evaporated, left a residue, which had the following 
composition : 

TABLE VII.—POTASSIUM SALTS FORMED BY NEUTRALIZING EDESTIN, 


PREPARATION 22. 
In per cent. of the 





Gram. inorganic matters. 
Organic matters ............ 0.0185 sees 
Potassium carbonate........ 0.0020 1.19 
Potassium sulphate..-...---. 0.0065 3.89 
Potassium chloride ..-...--- 0.1398 83.51 
Sodium chloride...........- 0.0191 II.4I 

0.1859 100.00 


Although the free edestin had been only superficially washed, 
we find over 85 per cent. of the added potassium to be contained 
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in these salts, 95 per cent. of which is present as chloride. The 
proportion of sulphate to chloride in these salts is less than 2 
molecules of the former to 100 of the latter. Although this 
preparation was nearly free from sulphate, nevertheless a per- 
fectly pure chloride was not obtained in this way. 

Twenty grams of that part of the edestin, which, as already 
described, did not dissolve in water, were suspended in 600 cc. of 
water and neutralized by addingtr2 cc. of decinormal potassium 
hydroxide solution. The solution filtered from the undissolved 
edestin, together with the washings, was evaporated and the 
residue analyzed with the following results : 

TABLE VIII.—COMPOSITION OF POTASSIUM SALTS FORMED BY NEUTRALIZ- 


ING THAT PART OF THE EDESTIN PREPARATION WHICH WAS 


INSOLUBLE IN WATER. 
In per cent. of the 








Gram. inorganic matters. 
Organic matters.......-.++.- 0.0340 
Potassium carbonate........-. none eee 
Potassium sulphate.........- 0.0479 49.6 
Potassium chloride .......... 0.9373 38.7 
Sodium chloride.......--++++ 0.0079 8.2 
Undetermined and loss ...... 0.0034 3.5 

0.1305 100.00 


In this residue we have a larger proportion of sulphate than in 
any previously analyzed. We shall later show edestin sulphate 
to be less soluble in water than the corresponding chloride, and, 
for this reason, it is probable that the edestin sulphate had ac- 
cumulated in the fraction insoluble in water. Whether edestin 
sulphate is a constituent of the seed or results from sulphates con- 
tained in the sodium chloride and in the river water in which the 
solutions were dialyzed was not determined, but the latter seems 
probable, because, before its final precipitation, this substance was 
wholly soluble in water. 

From these results it appears that edestin preparations, obtained 
by cooling or by dialyzing saline solutions, usually consist of 
mixtures of several compounds of the protein with acids, the pro- 
portion of the different compounds formed depending upon the 
degree of acidity of the solution and the nature of the negative 
ions which are present when the edestin crystallizes out. 

Owing to the difficulty of obtaining edestin chloride free from 
sulphate, it seemed possible to obtain the sulphates free from 
other acid compounds. 
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Four kilograms of hemp-seed meal were accordingly extracted 
-with 15 per cent. ammonium sulphate solution, the extract satu- 
rated with the same salt, and the protein thus precipitated was 
filtered out and dissolved in the dilute sulphate solution which 
resulted on adding water. The clear solution, when dialyzed, 
deposited relatively large octahedral crystals, which, when washed 
with water and alcohol and dried, weighed 440 grams, prepara- 
tion 23. 

Fifty grams of this preparation were suspended in water and 
made exactly neutral to phenolphthalein by adding 45 cc. of 
decinormal potassium hydroxide solution, diluted with much 
water. As the neutral edestin did not separate from the solution 
in a condition to be filtered, an equal volume of alcohol was grad- 
ually added. The clear filtrate and washings then obtained were 
evaporated and the residue analyzed with the following results : 
“TABLE IX.—COMPOSITION OF THE POTASSIUM SALTS FORMED BY NEU- 


TRALIZING EDESTIN, PREPARATION 23. 
In per cent. of the 








Gram, inorganic matters. 
Organic matters........+.- 0.2269 sees 
Potassium carbonate ...... 0.0480 18.98 
Potassium sulphate .......- 0.1956 77.34 
Potassium chloride ........ 0.0066 2.61 
Undetermined and loss..... 0.0027 1.07 

0.4798 100.00 


The effect of substituting sulphate for chloride in extracting 
edestin is plainly shown by these figures, over 75 per cent. of the 
recovered potassium being sulphate and less than 3 per cent. 
chloride. Of the potassium added in neutralizing, 66 per cent. 
was recovered in the above salts, which agrees well with the 
70 per cent. obtained in the previously described experiments in 
which the edestin crystals did not dissolve but fell into relatively 
large fragments on neutralizing. 

In order to convert, if possible, edestin sulphate into chloride, 
50 grams of this preparation, 23, were suspended in 70 per cent. 
alcohol and 50 cc. of decinormal potassium hydroxide solution 
added. ‘The edestin thus made neutral was filtered out, dissolved 
in 500 cc. of 10 per cent. sodium chloride solution and carefully 
mixed with an equal volume of the same brine containing 50 cc. 
of decinormal hydrochloric acid. The solution was filtered clear, 
dialyzed, the crystalline precipitate washed with water, until all 








52 THOMAS B. OSBORNE. 


the soluble edestin was removed, the residue suspended in water, 
neutralized to phenolphthalein, and the potassium salts produced, 
analyzed with the following results : 

TABLE X.—COMPOSITION OF THE POTASSIUM SALTS FORMED BY NEUTRAL- 


IZING EDESTIN CHLORIDE OBTAINED FROM EDESTIN SULPHATE. 
In per cent. of the 








Gram. inorganic matters. 
Organic matters........... 0.0192 
Potassium carbonate....... 0.0016 2.01 
Potassium sulphate....-..- 0.0130 16.31 
’ Potassium chloride......... 0.0587 73.65 
Undetermined and loss..... 0.0064 8.03 
0.0989 100.00 


These figures show that over 82 per cent. of the potassium was 
recovered as chloride and less than 16 per cent. as sulphate. 

The many- experiments here described can leave no doubt that 
the acidity of edestin preparations is chiefly caused by hydro- 
chloric and sulphuric acids and that by neutralizing to litmus 
only a part of the combined acids is removed. 

As to the nature of the organic acid, which was present in all 
the salts described, no information has been obtained, too little 
being present to make its identification possible. 

To determine whether this organic acid was in fact an acid 
combined with the protein substance or was a product resulting 
from local overaction of the alkali on the edestin molecule, I 
extracted hemp-seed meal with 10 per cent. sodium chloride 
solution containing enough baryta to cause the extract to be just 
neutral to litmus and then precipitated the edestin from the 
filtered extract by dialysis against distilled water. 

The crystalline product thus obtained was thoroughly washed 
with water, dissolved in brine, again precipitated by dialysis and 
extensively washed with water. The moist product was then 
suspended in water, made neutral to phenolphthalein by adding 
very dilute potassium hydroxide solution, filtered out and redis- 
solved in 10 per cent. sodium chloride brine. The resulting 
solution was mixed with an equal volume of the same brine, con- 
taining hydrochloric acid equivalent to the potassium hydroxide 
previously used for neutralizing and the solution dialyzed. The 
crystalline precipitate was filtered out, washed and neutralized as 
before and the entire process again repeated. The three solutions 
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filtered from the three successive edestin precipitates caused by 
neutralization were evaporated and the residues analyzed. 


‘TABLE XI.—COMPOSITION OF SALTS RESULTING FROM THREE SUCCESSIVE 
NEUTRALIZATIONS OF AN EDESTIN PREPARATION. 


rE. II. III. 
Per cent. Per cent. Per cent. 

Potassium carbonate.....- 7-4 a 0.8 
Potassium sulphate........ 4.4 2.6 23.0 
Potassium chloride........ 82.8 80.6 71.3 
Sodium chloride...... ... ++. 5.2 3.6 
Undetermined............- 5-4 6.5 1.3 
100.0 100.0 100.0 


These figures show that the organic potassium compound 
practically vanished after the third precipitation, and therefore it 
is highly probable that this is a salt of an organic acid previously 
combined with the edestin and not a product of the action of the 
alkali upon the protein molecule. 


3. The Proportion of Acid Combined with Edestin. 


J 

On page 42, I have shown that all of a large number of edes- 
tin preparations are, without exception, acid to phenolphthalein, 
and that many of them are also acid to litmus. Some of these 
preparations are decidedly more acid than others. Most of the 
more acid contain more substance soluble in water than those less 
acid. Some, however, of the most acid are wholly insoluble in 
water. All of these latter were prepared from solutions contain- 
ing ammonium se/phate and, when neutralized with potassium 
hydroxide, yielded chiefly potassium sz/phate, whereas the others 
containing substance soluble in water, yielded, on thus neutral- 
izing, chiefly potassium chloride. 

The difference between the degree of acidity of the part of the 
preparation which is solublein water and of that which is insoluble 
therein is, however, marked. In upwards of a hundred trials, I 
have invariably found the acidity of the part soluble in water to 
be equivalent to very nearly 1.4 cc. of decinormal acid per gram 
of the dissolved edestin, while that of the insoluble part was but 
half as great, provided the preparation tested was made without 
using ammonium sulphate. As an illustration of this, the follow- 
ing experiments may be given. 

A quantity of an edestin preparation was made by cooling a 
warm sodium chloride extract of hemp seed and repeatedly 
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recrystallizing the precipitate from warm, dilute salt solution. 
The substance was then washed by decantation with water. The 
first, second and third solutions decanted contained no edestin, 
owing to the salts present in them, but the fourth and fifth con- 
tained some. 

It was necessary to add o.8 cc. of decinormal potassium hydrox- 
ide solution to 10 cc. of the fourth decantation in order to obtain 
a neutral reaction with phenolphthalein, while exactly twice as 
much was required by 20cc. By evaporating, and drying the 
residue at 110°, it was found that 10 cc. contained 0.5777 gram 
of edestin, so that 1 gram of the soluble edestin neutralized 
1.39 cc. of decinormal alkali. Similarly, 25 cc. of the fifth wash- 
ings, containing 0.5320 gram, required for neutralization 0.7 cc. 
of decinormal alkali, equal to 1.32 cc. per gram. 

Eighteen grams of that part of the original preparation which 
did not dissolve on exhausting with water, when suspended in 
water, was made exactly neutral to phenolphthalein by 12 cc. of 
decinormal alkali, or 0.66 cc. per gram,—that is, by just one-half 
the quantity of alkali required by the soluble part. 

Further, another quantity of edestin from which all the com- 
pounds soluble in water had been removed and which, when sub- 
sequently dried at 110°, weighed 21.27 grams, required when 
freshly washed and not dried 16.6 cc. of decinormal alkali to 
render it neutral to phenolphthalein, or 0.78 cc. of decinormal 
alkali for each gram of protein. 

On page 51 the method is described by which a part of prep- 
aration 23, yielding chiefly sulphate when neutralized, was con- 
verted into a crystalline preparation, yielding chiefly chloride. 
The product thus obtained was exhausted with water until noth- 
ing more was removed from it, and that part which remained un- 
dissolved was uniformly suspended in water and ro cc. drawn out 
and mixed, ina stoppered bottle, with 1.5 cc. of decinormal potas- 
sium hydroxide solution and phenolphthalein. A clear red solu- 
tion was formed at once, which required 0.95 cc. of decinormal 
hydrochloric acid for neutralization, showing 0.55 cc. of the 
alkali to have been neutralized by the acid combined with the 
edestin. By evaporating and drying the residue at 110°, it was. 
found that the 10 cc. contained 0.8152 gram of edestin, from 
which it is seen that 1 gram of the compound insoluble in water 
ad an acidity equal to 0.68 cc. of decinormal acid. Two other 
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similar trials gave exactly the same result. Ten cc. of the mix- 
ture were also added to 10’ cc. of 20 per cent. sodium chloride 
solution, phenolphthalein added and then decinormal potassium 
hydroxide solution until a slight pink color formed, for which 
0.55 cc. was likewise required. 

Edestin preparations suspended in water and treated with an 
insufficient quantity of hydrochloric acid to dissolve them, yield 
solutions which have an acidity equal to 1.4 cc. of a decinormal 
solution per gram of dissolved protein. 

From all these facts it is clear that the acidity of the edestin 
chloride, which is soluble in water, is twice that of the part which 
is insoluble therein. 

If the edestin molecule contains two atoms of sulphur, its 
weight must be about 7,250, or a multiple of this. If the acidity 
of the water-soluble edestin is equal to 1.4 cc. of decinormal acid 
per gram and if one molecule of acid unites with one of edestin 
to form a water-soluble compound, the molecular weight of edestin 
would be 7,129. But, since the water-soluble edestin is twice as 
acid asthe water-insoluble, the former must contain at least two 
molecules of acid, so that the molecular weight of edestin must 
be about 14,258, or a multiple of this. 

We thus have, in these two acid compounds, a rational explana- 
tion for the fact, first observed by Ritthausen, that a part of most 
edestin preparations is soluble in pure water, while the remainder 
is insoluble therein. That this was due to a chemical difference 
between these two parts was most probable, although prepara- 
tions showing this behavior consisted wholly of crystals having 
apparently the same form. 

That these two compounds of different composition, as well as 
the other salts and the free edestin, should crystallize in the same 
form is to be expected, since the form of the crystal is determined 
by the protein molecule, the weight of which is enormous com- 
pared with that of the one or two molecules of acid combined with 
it. The same condition occurs with the compounds of hemo- 
globin, the crystals of carbon monoxide hemoglobin being iso- 
morphous to those of oxyhemoglobin. The same isomorphism 
also occurs among minerals of high molecular weight, as shown 
by Penfield and Foote,’ who state: ‘‘In tourmaline we have an iso- 
morphous relation of a very peculiar nature, for in the acid 

1 Penfield and Foote: Am. /. Sci., 8, 122 (1899). 
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H,A1,(BOH),Si,O,, the nine hydrogens may be replaced to a large 
extent by the trivalent metal aluminum or by the bivalent metals 
magnesium and iron without any decided change in crystalline 
form. This leads to the consideration of a certain phase of iso- 
morphism which, as it seems to us, has not been considered with 
sufficient care, namely, the mass effect of complex radicals in 
influencing or controlling crystallization.’’ 

If such be the case with a mineral acid containing but (41), 
atoms we certainly should expect the mass influence of a mole- 
cule containing approximately (2,000), atoms to be all-con- 
trolling. 


4. Reactions of Edestin With Larger Quantities of Acid. 


It has long been known that protein substances combine with 
acids, and it is a common practice to determine the amount of 
acid combined with products of gastric digestion. In these 
products, however, the combined acid is chiefly held by proteoses 
and peptones, bodies that are known to have more basic proper- 
ties than the native proteins from which they originate.’ Pan- 
ormoff’ has recently described definite compounds of ovalbumin 
with different acids, but these contain a much larger proportion 
of acid than the salts of edestin just described, and are doubtless 
compounds of a different order (see preceding paper). 

I have, however, obtained evidence that edestin also enters into 
definite reaction with similar large quantities of acid. 

A study of the action of water and acids upon edestin has 
shown that a hydrolytic change is effected in the edestin mole- 
cule, whereby a inore basic derivative is formed, which shows an 
entirely different behavior with alkalies and salt solutions from 
that exhibited by the original, unchanged edestin. It is probable, 
therefore, that these more acid compounds are not salts of edes- 
tin, but salts of more basic derivatives, which form intermediate 
steps in a series of changes leading to the so-called ‘‘acid albumin.’’ 
Whether or not these changes are common to the other ‘‘native 
proteids’’ I have not as yet ascertained with’ certainty, but it is 
probable that they are. Gram portions of the air-dry preparations 
of edestin, I1, 12, and 13, were suspended in water and decinor- 
mal hydrochloric acid gradually added, until a drop of the solu- 
tion, evaporated on porcelain, showed with tropaeolin a distinct 


1 Cf, Chonheim and Krieger : Zéschr. Biol., n. f., 22, 95. 
2 Panormoff : /. russ. phys.-chem. Ges., 31, 556. 
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red reaction, which in each case appeared with 12 cc. The tests 
were then repeated by adding to each solution 11 cc. of 
acid and afterward increasing this quantity by successive addi- 
tions of 0.2 cc. By testing with tropaeolin after each such addi- 
tion, it was found that one gram of 11 had reacted with 11.2-cc., 
12 with 11.5 cc., and 13 with 11.3. cc. Calculating these figures 
for the preparation dried at 110° and ash-free, and adding to this 
the acid originally contained in them, we find that 11 had reacted 
with 13.9 cc., 12 with 13.7 cc., and 13 with 14.1 cc., which corre- 
sponds almost exactly to a compound of 1 molecule of edestin 
with 20 molecules of acid, assuming this protein to have a molec- 
ular weight of approximately 14,500, or, in other words, to ex- 
actly ten times the quantity of acid required to form a soluble 
compound with 1 gram of edestin. 

Strong evidence of a definite reaction with about 10 molecti2s 
of acid was obtained by testing with potassium nitrite and iodide. 
A series of five 1-gram portions of II were suspended in water in 
small, glass-stoppered bottles, and to them were respectively 
added 4 cc., 5 cc., 6cc., 6.5 cc., and 7.5 cc. of decinormal hydro- 
chloric acid and then to each 7.5 cc. of a solution of soluble starch, 
containing 1 per cent. of potassium iodide and 1 per cent. of 
potassium nitrite. 

The portion containing 7.5 cc. of acid became blue throughout 
within five minutes, the color first appearing at the top of the 
solution ; that with 6.5 cc. began to turn blue at the top within 
a minute and a half, and became wholly blue in twelve minutes ; 
that with 6 cc. showed a trace of blue on the surface after five 
minutes, which, even after thirty minutes, was very slight and 
limited to the upper surface ; that with 5 cc. showed a trace of 
blue on the surface after fifteen minutes, which was still slight 
after an hour and a half; that with 4 cc. behaved like that with 
5 cc., except that, on adding the nitrite solution, a large, per- 
manent precipitate formed, whereas all the other solutions 
remained very nearly clear. On standing ove: night, in the 
stoppered bottles, the difference between the var'ous portions 
was much more pronounced, for from those to wilich 4, 5, and 6 
cc. of acid had been added, an opaque yellowish jelly had sepa- 
rated, above which was a clear blue jelly, whereas the portion 
with 6.5 cc. formed a thin blue jelly containing but little of the 
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opaque substance, and presented a wholly different appearance 
from those with 6 cc. and less. 

From this it would appear that this edestin preparation com- 
bined with the hydrogen ions contained in 6 cc. of decinormal 
hydrochloric acid more firmly than with those contained in the 
larger quantities. If we add the acid originally combined with 
the edestin, we may conclude that the hydrogen ions equivalent 
to 7 cc. of the acid were more firmly combined with the protein 
than those contained in the larger quantities. 


5. Solubility of Edestin in Hydrochloric Acid. 

Having found that edestin forms a water-soluble salt with 
hydrochloric acid, I undertook to determine the amount dissolved 
by definite quantities of this acid. To do so, it was necessary to 
make a preparation which should be as neutral as possible to 
phenolphthalein, free from any of the hydrolytic derivative of 
edestin, mentioned on page 56, and as free as possible from ash. 

This is accomplished by extracting oil-free hemp-seed meal 
with 3 percent. sodium chloride brine, previously heated to 60°, 
to which is added enough saturated baryta solution to render the 
extract neutral to litmus, the requisite quantity being determined 
by a preliminary experiment with 100 gramsofthe meal. It isim- 
portant to avoid an excess of baryta, since otherwise, compounds of 
edestin with basic constituents of the seed seem to be formed, 
which are difficult to get rid of afterwards. 

The hot extract is strained on coarse cloth and the residue 
pressed. The very turbid extract is thrown on large paper filters 
and allowed to stand at rest for about two hours. During this 
time a part of the extract filters through and the residue settles 
in the funnels so that about two-thirds of the solution can be 
drawn off as a turbid liquid, which, however, contains but little 
suspended matter. This is filtered by suction on thick felts of 
filter pulp on perforated porcelain plates placed in large funnels, 
all being previously washed with 3 per cent. salt solution heated 
to 70°. By thus filtering, this part of the extract may be readily 
obtained perfectly clear and the filter be washed with hot dilute 
salt solution, within two hours, 2 liters being passed through 
each filter. During this time, most of the residual extract passes 
through the paper filters, so that what remains can be rejected 
without serious loss. The clear extracts are united in a large 
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glass-stoppered bottle and allowed to stand over night and cool to 
5° or less. The edestin separates as a dense deposit of crystals, 
from which the solution is siphoned and thrown away, since very 
little more can be obtained from it by further dilution and cooling. 


The crystallized edestin-is next dissolved in 10 per cent. salt 
solution, best by adding a volume of 20 per cent. solution equal 
to that of the mother-liquor remaining with the crystals after 
siphoning off the greater part. Enough 10 per cent. salt solution 
is then added so that the solution contains about 8 per cent. of 
edestin, since stronger solutions, under the subsequent treatment, 
do not, as a rule, yield well crystallized products. ‘This saline 
solution of edestin is heated to 50° and gradually diluted with two 
volumes of water, at the same temperature, whereby a perfectly 
clear solution results. By again cooling to 5° the edestin is re- 
crystallized. By repeating this process a very pure crystalline 
product is obtained, which is again dissolved in enough 10 per 
cent. sodium chloride brine, free from carbonic acid, to make an 
8 per cent. solution of edestin. An aliquot part of this. solution 
is neutralized to phenolphthalein with decinormal sodium hydrox- 
ide solution, and the quantity of alkali necessary to neutralize the 
whole is determined. The edestin solution is then heated to 50° 
in a glass-stoppered jar, and twice its volume of carbonic acid- 
free water at the same temperature and containing 4 or 5 cc. 
more than the calculated quantity of the decinormal alkali is 
gradually added. The mixture, carefully protected from car- 
bonic acid, is allowed to cool during the night to 5°, the nearly 
clear solution siphoned off, and the crystalline precipitate col- 
lected on a piece of Schleicher & Schiill’s thick, hardened filter- 
paper placed on a perforated plate. The precipitate, consisting 
of crystals, is very quickly sucked almost dry and washed two or 
three times with 1 per cent. sodium chloride solution, cooled to 
o°, and free from carbonic acid, then three times with carbonic 
acid-free water, ten times with 70 per cent. alcohol, and many 
times with absolute alcohol, all the wash-water and alcohol being 
ato°. It is necessary that the washing should be complete and 
the dehydration with absolute alcohol thorough, so that on dry- 
ing over sulphuric acid no water should be left after the alcohol 
has gone off, which would convert a part of the edestin into the 
insoluble edestan. 

Owing to the physical state of the crystalline edestin, the fil- 
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tration, washing and dehydration of 50 to 100 grams can be ac- 
complished within twenty minutes. Preparations made in this 
way were either neutral or very nearly neutral to phenolphthalein, 
completely soluble in salt solution, contained not more than 0.02 
to 0.03 per cent. of ash, and consisted of fine powders, free from 
lumps, which can be uniformly suspended in water and almost in- 
stantly dissolved by the requisite quantity of acid, alkalies, or salts. 

It is very difficult to keep the edestin from combining with 
minute quantities of carbonic acid, since during the final filtration 
and washing, a brief exposure to the air is unavoidable, without 
employing elaborate and cumbersome apparatus. As a result, 
from 1 to 2 oc. of centinormal alkali were required to neutralize 
one gram of most preparations thus made. 

This process is given in detail, as I was unable to prepare edes- 
tin suitable for the experiments next to be described, until I had 
worked out this method of preparation in all its details. 

A series of gram portions of preparation 28, made as above de- 
scribed, was suspended in glass-stoppered bottles, in enough 
water to make a final volume of 20 cc. with the acid subsequently 
added. To one portion no acid was added, to the next 2 cc. of 
centinormal hydrochloric acid, to the next 3 cc., and then 1 cc. 
more to each succeeding portion, up to 14 cc. 

A second, exactly similar series, was also made, commencing 
with 6 cc. 

After frequently shaking the contents of the bottles for about 
two hours, they were allowed to stand at rest for two hours 
longer until the suspended matter had practically all deposited. 
From each solution 10 cc. were drawn out with a pipette, the 
acidity of each such 10 cc. determined with centinormal potas- 
sium hydroxide solution, and then all separately evaporated to 
dryness on a water-bath and the residues dried to constant weight 
at 110°. In this way the results given in the following table 
were obtained : 


TABLE XII.—EDESTIN DISSOLVED BY A CENTINORMAL SOLUTION OF 
HYDROCHLORIC ACID. 





0-0 cc. 2 cc. 3cc. 4cc. 5 ce. 6 cc. 7 cc. 8 ce. 
I..--0.0104 0.0082 0.0504 0.0526 0.0718 0.1400 0.1876 0.2576 
ivi. aces sisees ceeee te eee Se eetts 0.1460 0.1702 0.2458 








9 cc. ro cc, II ce. 12 cc. 13 cc. 14 CC. 


I..-- 0.3362 0.4358 0.5850 0.6816 0.7650 0.8406 gram. 
- 0.3378 0.4336 0.5636 0.6590 0.7350 0.8080 gram. 
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The acidity of the solutions and of the residues of Series I was 
determined by titration with centinormal alkali and phenolphthal- 
ein, with the following results : 


TABLE XIII.—DISTRIBUTION OF ACID BETWEEN THE DISSOLVED AND UN- 
DISSOLVED EDESTIN IN TERMS OF CENTINORMAL, ACID. 

0.0 CC. 2CC; 3 cc. 4cc. §.ce. 6 cc. 7c. 8 cc. 

0.0 cc. 0.0 cc. G.OCC, G06, O.§.Ce. 1.8 ce. 2.6:¢e. 3-9 CC. 

E. 3 Ce. 2.9 cc. 3.6¢ce,  4:5.€C. 5.0 ce. 4.25 cc. 4.4 CC. 4.4 ce. 


Rize; 2.9: CC: 2.6:6¢C. . 4.500) | 5.5 6¢. 6.05 cc. 7.0 cc. 8.3 cc. 
HCl 

100 

5.0 cc. 6.8 cc. 8.6 cc. 10:6:ce;. 32:2/€c. 13.6cc. Dissolved. 
4.0 cc. 3.6 ce. 2.4.06. 1.9.Ce. I.0 ce. 0.8 cc. Undissolved. 





g ce. 10 cc, Ir cc. I2cc. 13 cc. 14 cc. 





g@0:CC. I10:4:Cc. If.0.ce. ¥2.§-ce. ¥3:2 et: 14.4cc. Total. 


The degree of acidity of the dissolved and undissolved edestin, 
—that is, the amount of centinormal alkali neutralized by 1 gram 
of the edestin chloride contained in the solution and residues of 
each of these portions,—is given in the following table : 


TABLE XIV.—THE ACIDITY CORRESPONDING TO ONE GRAM OF THE DIs- 
SOLVED AND UNDISSOLVED EDESTIN CHIORIDE OF TABLE XIII. 

0.0 cc. 2c. 3.Ce. 4ce. 5 ce. 6 cc. 7. 8 ce. 
G.0'CCc. O06; Goce. “ O.oce: “Goce, 1I1.5'ec: Igo'ce: “14 aece 
BScCe,. 3:3:¢c. 4.3 Cc. 5-4 ce. 6.4 cc. 6.8 cc. 6.4 cc. 7.0 CC. 

gcc. Io ce, 1I ce, 12 ce. 13 cc. 14 cc. He! 
14.3.Cc. I§Eece, I4.08c. ) 1§.1ce. 1§.6ce. 16.0ce. Dissolved: 

Face. 8.0 cc. 8.0 cc. 9.4 cc. 8.5 cc. Undissolved. 

From this table it appears that 1 gram of the substance in the 
solutions to which from 7 to 12 cc. of acid had been added, neu- 
tralized nearly the same quantity of centinormal alkali as that 
calculated for a compound of one molecule of edestin with 2 
molecules of hydrochloric acid, assuming edestin to have a molec- 
ular weight of about 14,500, namely 13.8 cc. 

Since the amount of edestin in many of these portions was 
small, most of these determinations are only approximately cor- 
rect. As already stated, one-half of each of the solutions in these 
experiments was drawn out with a pipette and the acidity and 
quantity of dissolved matter was determined as shown above. In 
order to more accurately determine the acidity of the dissolved 
edestin by using a larger proportion of substance, the remainder 
of those solutions of Series I to which from 7 to 13 cc. had been 
added, was decanted from the undissolved edestin, united and 
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neutralized by 20 cc. of centinormal potassium hydroxide solu- 
tion. By evaporating, and drying the residue at 110°, this solu- 
tion was found to contain 1.4459 grams of edestin, corresponding 
to an acidity equal to 13.8 cc. of centinormal alkali per gram, or 
exactly that above calculated. Similarly, the remaining solutions 
from Series II were neutralized by 25 cc. of centinormal alkali 
and contained 1.6941 gram of edestin, corresponding to an acidity 
equal to 14.7 cc. per gram. From these facts it is evident that 
the substance brought into solution by the acid has the acidity of 
a bichloride. 

The acidity of the undissolved edestin increases with each in- 
erease in added acid, until in the portion containing 6 cc. it 
reaches 6.8 cc. per gram, which corresponds to the formation of 
a monochloride. With the larger quantities of added acid, this 
acidity of the undissolved edestin remains nearly constant, 
although a slight increase is apparent. This excess of acidity 
above that of the monochloride is caused by the formation of a 
small proportion of a hydrolytic derivative of edestin, which I 
have designated edestan. Edestan has a higher acid-combining 
power than edestin and forms with acid a salt which is very spar- 
ingly soluble in water. The formation and properties of edestan 
are described in detail in the preceding paper. 

Table XII shows that a small quantity of edestin is apparently 
dissolved by the water to which no acid had been added as well 
as by that to which 2cc. were added. This small quantity is due 
to a little suspended matter, drawn off with the solution, and is 
not to be considered as dissolved edestin. In the portions con- 
taining 3, 4, and 5cc. of acid, some edestin appears to be dissolved, 
but as these, in contrast with the others, were opalescent and neu- 
tral, it is most probable that they were colloidal or false solutions 
caused by edestin bichloride, formed by a local overexcess of 
acid, which was subsequently reprecipitated on coming into con- 
tact with uncombined edestin. 

By 6 cc., some edestin was dissolved, but the lower acidity of 
this portion indicates that the whole of this was not brought into 
solution by the acid. From 6 cc. upward, a uniformly increasing 
quantity of edestin passed into solution, until only an insignificant 
amount remained undissolved by 14 cc. If edestin has a molec- 
ular weight of about 14,500 and forms an insoluble chloride with 
1 molecule of hydrochloric acid, about 6 cc. of centinormal hydro- 
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chloric acid should convert 1 gram of an air-dry preparation into 
this chloride. In Table XII it is seen that the edestin does not 
dissolve with less than 6 cc. of acid. Strictly, none should dis- 
solve with less than 7 cc., but as this preparation had an acidity 
of about 1 cc. per gram, the hydrogen ions causing this ought, in 
so dilute a solution, to contribute equally with those of the hydro- 
chloric acid in reacting with the edestin, and hence a correspond- 
ing quantity should be dissolved. 

That this soluble acid compound of edestin contains twice as 
many molecules of acid as the insoluble acid compound, is shown 
by the rate at which the acidity of the solution of this substance 
increased in comparison with the rate at which the acid was added 
in these experiments. Thus, the solution produced by 10 cc. of 
acid neutralized 1.80 cc. more alkali than that produced by 9 cc., 
although but 1 cc. more acid had been added ; that with 11 cc. 
also neutralized 1.8 cc. more alkali than that with 10 cc.; that 
with 12 cc. neutralized 2 cc. more alkali than that with 11 cc.; 
that is, after the whole of the edestin was converted into the in- 
soluble chloride, each molecule of acid subsequently added brought 
into solution another molecule of acid which had been previously 
combined with the edestin as an insoluble chloride. 

If edestin has a molecular weight of about 14,500, each cubic 
centimeter of centinormal acid in excess of 7 cc. should dissolve 
0.1450 gram. The quantity actually dissolved by each cubic 
centimeter of acid in excess of 7 cc. falls considerably short of 
this, chiefly owing to the formation of the more basic derivative, 
edestan, mentioned on page 56. 

Edestan forms sparingly soluble salts with larger quantities of 
acid than does edestin. In these experiments about 8 per cent. 
of edestan was formed and consequently the amount of edestin 
dissolved per cubic centimeter of acid was less than that cal- 
culated. 

From these results it would appear that edestin, like a true 
base, enters into ionic reactions with hydrochloric acid. That a 
weak base should enter into such complete reaction with hydro- 
chloric acid is due to the dilution of the solution, for if its molec- 
ular weight is 14,500, a solution containing 5 per cent. of this 
substance is nearly equivalent to a ’/,,, normal solution. 

This method of determining the quantity of edestin brought 
into solution by hydrochloric acid was next applied to prepara- 
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tions of the chlorides obtained by the methods formerly em- 
ployed for the preparation of edestin. The only difference in 
the manipulation of these experiments consisted in filtering the 
acid solutions on small feits of washed paper pulp, with help of a 
pump, and washing each filter and residue with 20 cc. of water. 
As a part of each of these preparations was soluble in water,— 
that is, consisted of water-soluble acid compounds of edestin,— 
the amount dissolved by water alone was deducted from that 
obtained from each portion to which acid had been added, the 
difference being the quantity of edestin dissolved by the given 
quantity of acid. The results thus obtained are given in Table 


XV. 


TABLE XV.—EDESTIN CHLORIDE DISSOLVED BY CENTINORMAI, HypDRo- 
CHLORIC ACID. 


Preparation. I cc. 2'ce, 3 ec; 4cc. 5 cc. 6 ce. 
No. 2. [ecccces 0.1041 0.2306 0.3291 0.4726 0.5426 0.6301 
Reivers bie. sais 0.2451 0.3279. s.c002 0.5301 0.6025 
DG Aa esas’ 0.0920 0.2300 0.3260 0.4425 0.5681 0.6380 
No. 11. [.+-e--- 0.1194 0.2540 0.3679 0.4445 0.4950 0.5085 
II....... 0.0738 0.1968 0.3398 0.4498 0.5369 0.6068 
No. 15. I...ee-- 0.0916 0.2235 0.3250 0.4332 0.5528 0.5762 
Pix taccss 0.1015 0.2291 0.3455 0.4445 - 0.5365 «eee. 
No. 20. I---eee- 0.1295 0.2655 0.3761 0.4790 OSTIg otaee 
Ts aralés his O,TT40 eee 0.3484 Bate $48 2) cates) tees 
i epee 0.0870 0.2095 0.3335 0.5125 0.6035 ss eee 


ie cise 0.2055 9.2935 : ; tence 


AVERAGE OF THE ABOVE FIGURES. 





Preparation. Ice. 2 cc. 2ec. 4cc. § cc 6 cc 
NOLO nica s bs «ons 0.1041 0.2409 0.3285 0.4726 0.5364 0.6163 
NO. 4 cececeeees 0.0920 0.2300 0.3260 0.4425 0.5681 0.6380 
NOTE sec eiciceeas 0.0966 0.2254 0.3539 0.4472 0.5160 0.5577 
MONG ts s00e 3/53 0.0966 0.2263 0.3352 0.4388 0.5446 0.5762 
NBMeO soils «0a 0.1012 0.2268 0.3379 0.4648 0.5258 ewe es 


Although notable irregularities occur among these figures, the 
results, on the whole, are as uniform as perhaps we could expect 
them to be under the conditions of the experiments. It is to be 
noted that the greater differences are found for the smaller and 
for the larger quantities of acid employed, that is, in those cases 
where slight differences in manipulation would naturally cause 
the greatest variation in the results. 

In the table only 60 per cent. of the edestin is shown to be dis- 
solved by the acid employed. This is due to the fact that the 
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remaining 40 per cent. consisted of moisture, ash, acid com- 
pounds of edestin which were soluble in water, and a little of the 
hydrolytic derivative, edestan, which is insoluble in salt solutions. 
It was necessary, therefore, to add only about 6 cc. of acid in 
order to bring into solution all the edestin monochloride con- 
tained in each preparation. 

The following table gives the average weight, in grams, dis- 
solved per cubic centimeter of centinormal hydrochloric acid in 
each portion to which the designated quantity of acid was added. 
TABLE XVI.—EDESTIN CHLORIDE DISSOLVED PER CC. OF CENTINORMAL, 

HYDROCHI,ORIC ACID SOLUTION. 
Preparation. ce, 2 cc. 3cc, 4cc. §e. 6 cc. 
0.1204 0.1095 0.1181 0.1073 0.1027 
0.1150 0, 1087 0.1106 0.1136 0.1063 
0.1127 0.1179 0.1118 0.1032 0.0920 
0.1131 O.IIIZ7 0.1097 0.1089 0.0960 
0.1164 0.1126. 0.1162 0.1052 0.1022 


These results, while not so accordant as those obtained with 


pure and neutral edestin, are nevertheless in harmony with them. 
To find what effect the nature of the acid combined with the 


edestin would have upon the solubility of edestin in hydrochloric 
acid, a similar series of determinations was made with preparation 
13, which consisted mostly of edestin sulphate, having been ob- 
tained by saturating an extract with ammonium sulphate and di- 
alyzing the solution of the precipitate so produced. The results 
obtained were as follows: 


TABLE X VII.—EDESTIN SULPHATE DISSOLVED BY CENTINORMAIL, HyDRO- 
CHLORIC ACID. 
Preparation. 0.0 cc. 4.c2. 3cc. 4cc. 5 ce. 6 ce. 7 cc. 8 cc. 
13 0.0000 0.0150 0.0420 0.0825 0.1500 0.3070 0.4435 0.4776 
g ce. In ce. Ir ce, 12 cc. 
0.5616 0.6860 0.7521 0.8378 
From these figures we see that very little edestin dissolves 
with less than 6 cc. of hydrochloric acid, that is, it does not dis- 
solve until the sulphate has been converted into the chloride. 
Above 7 cc. solution proceeds at about the same rate as with edes- 
tin chlorides. It is evident that the combined sulphuric acid con- 
tributes but little -to the solution of the edestin, since the sulphate 
corresponding to the bichloride is insoluble in water. 
Plate I shows at a glance the solubility of these several 
preparations of edestin and its salts. 
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6. Solubility of Edestin in Sulphuric Acid. 


Preparation 23, which I have shown on page 51 to be nearly 
pure edestin sulphate, required nearly ten times as much decinor- 
mal su/phuric acid for solution as edestin chloride required of deci- 
normal hydrochloric acid. It was, therefore, necessary to use a 
decinormal acid in carrying out experiments similar to those just 
described, but in the following table the amount of acid is stated 
in terms of a centinormal solution, in order to avoid possible con- 
fusion on comparing the figures with those of the preceding tables. 

. This preparation had an original acidity equal to 10 cc. of a centi- 
normal solution per grain and, as none of it dissolved in water, 
this amount of acid is added to that applied to the preparation, 
so that all the acid present with which the edestin could react is 
here taken into account. 


TABLE XVIII.—EDESTIN SULPHATE DISSOLVED BY CENTINORMAIL SUL- 
PHURIC ACID. 


Amount in Grams of Dissolved Edestin Sulphate. 
To cc. 20 cc. 30 cc. 40 cc. 50 cc. 60 cc. Jo cc. 
No. 23. 0.0000 0.0705 0.1750 0.4355 0.6245 = evens 0.9075 
0.0000 0.0510 * 0.2280 0.4740 0.6950 0.8680 0.9088 


Amount of Edestin Sulphate Dissolved Per cc. of Centinormal H,SO, 
Solution. 

No. 23. 0.0000 0.0035 0.0058 O.0109 0.0125. we eee 0.0130 

0.0000 0.0026 0.0076 0.0118 0.0139 0.0145 0.0130 


Acidity of the Solution of Edestin Sulphate in cc. 


No. 23. 0.0 3.0 6.0 18.0 33.0 oie 67.0 
0.0 2.0 8.5 21.5 37-5 57.0 64.0 

Acidity of the Solution Per Gram of Dissolved Edestin in cc. 
No. 23. 0.0 43.0 35-3 41.3 52.9 tee 73-7 
0.0 39.2 37-3 45-4 54.0 65.7 71.0 


From these figures it is plain that a much larger quantity of 
sulphuric acid is required to dissolve a given amount of edestin 
than of hydrochloric acid. The edestin sulphate corresponding 
to the bichloride is insoluble in water. Whether the soluble com- 
pound formed with a sufficient quantity of sulphuric acid is a salt 
-of edestin or whether a hydrolytic derivative of edestin is first 
produced which forms soluble compounds with the larger quantity 
-of sulphuric acid, was not ascertained, but the behavior of edestin 
with hydrochloric acid would indicate this to be the case. 
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7. The Solubility of Edestin in Phosphoric and Acetic Acids. 


Phosphoric acid reacts with edestin as a monobasic acid, in ac- 
cordance with its dissociation into the ions H and H,PO,. 

One gram of the air-dry preparation, suspended in 6 cc. of 
water, was completely dissolved when treated with 14 cc. of a 
centinormal solution of phosphoric acid. With 13 cc., 0.8920. 
gram was dissolved, which is very nearly the calculated quantity, 
namely, 0.9230 gram. 

Acetic acid likewise reacts with almost the calculated amount 
of edestin, since I found that 13 cc. of a centinormal solution dis- 
solved 0.8804 gram. 

Both these acids dissolve somewhat more edestin than does ar 
equivalent quantity of hydrochloric acid, 13 cc. of a centinormal 
solution of which dissolved about 0.7770 gram. This difference 
appears to be due to the formation of different proportions of the 
more basic edestan, as the following experiments indicate. To 
each of 3 gram portions of edestin suspended in 6 cc. of water, 
were respectively added 14 cc. of a centinormal solution of each 
of these acids. After standing for about two hours at 25°, the 
acid in each was exactly reutralized, and an equal volume of 20 
per cent. sodium chloride solution was added. The amount of 
the insoluble edestan present in the portion with hydrochloric acid 
was 0.1786 gram, in that with phosphoric acid 0.1484 gram, and 
in that with acetic acid 0.0565 gram. These results are approx- 
imately in accord with the degree of ionization of these acids and 
appear to explain the relative incompleteness of the reactions with 
the respective acids. 


8. The Solubility of Edestin in Nitric Acid. 


Nitric acid dissolves edestin chloride in nearly the same pro- 
portion as does hydrochloric acid, but a larger quantity of the 
former acid is required to dissolve the neutral edestin at about 
20° than of the latter. At 35° one air-dry gram of neutral edestin,. 
equal to 0.9300 gram dried at 110°, was completely dissolved by: 
14 cc. of centinormal nitric acid, but by 12 cc. at this tempera- 
ture much remained undissolved. At 20°, 1 gram was completely 
dissolved by 20 cc., all but a very few milligrams by 19 cc., while 
with 18 cc. much remained undissolved. 

This quantity of acid is in such close agreement with that re- 
quired for the formation of a trinitrate that it strongly suggests. 
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‘that such is formed, but it is not safe to assume this without 
-other evidence to confirm it. 

That a compound with 2 molecules of nitric acid should exist 
which is more soluble in warm than in cold water, is in harmony 
with the known behavior of this acid with proteoses, some other 
protein substances and the histons. 

A more extended study of this question is necessary, and I shall 
take it up as soon as possible. 


III. COMPOUNDS OF EDESTIN WITH ALKALIES. 


It is well known that protein substances react with alkalies as 
well as with acids, in which respect they closely resemble the 
purin bases, which, as pronounced bases, form salts with acids 
and are also able, like weak acids, to form with bases definite 
-compounds, of which the silver salt is one of the best known, 
since it is used for the separation of these bodies from their am- 
moniacal solution. 

Many unsuccessful attempts have been made to obtain definite 
compounds of the proteins with bases, especially with the heavy 
metals. The chief reason that these failed probably lies in the 
fact that the small quantity of acid which these substances still 
contain when their solutions are made neutral to litmus has been 
overlooked, and also to the fact that salts of the heavy metals 
are hydrolytically dissociated to such an extent as to make it 
difficult or impossible to maintain suitable conditions for the for- 
mation of definite metallic compounds with the proteins. 

The experiments next to be described show that edestin enters 
into definite reaction with potassium and sodium. 

I. Solubility of Edestin in Sodium Hydroxide Solution. 

Preparation 31, which was strictly neutral to phenolphthalein, 
was used to determine the solubility of edestin with definite 
quantities of sodium hydroxide, in a manner similar to that 
employed in determining the solubility of edestin with definite 
quantities of hydrochloric acid. 

Gram portions of the air-dry preparation were suspended, in 
glass-stoppered bottles, in enough water, free from carbonic acid, 
to make 20 cc. with the alkali solution to be afterwards added. 
To the first, 2 cc., to the second, 3 cc., and so on up to 7 cc., of 
centinormal sodium hydroxide solution were added. After agi- 
tating frequently for an hour, the solutions were allowed to stand 
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at rest for another hour, during which time the undissolved 
matter settled, leaving the solution nearly clear. From each 
portion 10 cc. were drawn out with a pipette, evaporated to dry- 
ness, and the residues dried to constant weight at 110°.’ The 
amount dissolved by each quantity of alkali added is shown in the 
following table : 


TABLE XIX.—AMOUNT OF EDESTIN 31 DISSOLVED BY A CENTINORMAL 
SOLUTION OF SODIUM HyDROXIDE. 
2cc. 3 Cc. 4cc. 5 ce. 6 cc 7 ¢€. 


"0.1244 0.2564 0.4358 0.6086 0.7834 0.8990 gram dissolved. 


NaOH 


The amount, in grams, of edestin dissolved per cubic centi- 
meter with each quantity of alkali added, was the following : 


TABLE XX.—AMOUNT OF EDESTIN 31 DISSOLVED PER CC. OF CENTI- 
NORMAL SODIUM HYDROXIDE. 


2c. 3 cc. 4cc. 5 ce. 6cc. 7 cc. mon 
0.0622 0.0855 0. 1090 0.1217 0.1306 0.1283 gram dissolved. 

These figures show that the amount dissolved per cubic centi- 
meter steadily rises, until with 6 and 7 cc. it reaches a maxi- 
mum. ‘This is due to the difficulty with which all of the soluble 
sodium edestin is separated from the relatively large quantity of 
edestin remaining undissolved in those portions to which the 
smaller amounts of alkali had been added, since the great extent 
of surface presented by the fine crystalline powder strongly 
adsorbs the soluble sodium edestin and also, to the indiffusibility 
of the substance, since any sodium edestin formed within the 
solid particles is removed with difficulty. With increasing quan- 
tities of alkali the proportion of undissolved edestin diminishes 
and the proportion dissolved per cubic centimeter correspondingly 
increases until it reaches a quantity but little less than that cal- 
culated for a complete reaction between one molecule of edestin 
and one of sodium hydroxide. 

Another series of gram portions of preparation 30, 1 gram of 
which had an acidity requiring 2 cc. of centinormal sodium hy- 
droxide solution for neutralization to phenolphthalein, was treated 
in the same way as the preceding and the following amounts were 
found to be dissolved : 


TABLE XXI. —AMOUNT OF EDESTIN 30 DISSOLVED BY CENTINORMAL 
SoDIUM HyDROXIDE SOLUTION. 


1 cc. 2c¢c. 3.c¢. 4c. 5 cc. 6 cc. 7c, 8cc. 9 ce. 


0.0490 0.0940 0.1636 0.3208 0.4800 0.6060 0.7120 0.8188 0,8782 


g 
dissolved. 
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In this case the effect of the carbonic acid contained in this 
preparation is plainly manifested, since 9 cc. of the alkali were 
required to dissolve the same amount that 7 cc. dissolved of the 
perfectly neutral preparation 31. The small quantity appearing 
to be dissolved by 1 and 2 cc. consisted mostly of suspended 
matter unavoidably drawn off with the solution. The agreement 
between these results and those obtained in the first experiment 
is best shown by the solubility curves given in Plate IT. 


2. Solubility of Edestin in Potassium Hydroxide Solution. 
Preparation 28, 1 gram of which required 2 cc. of centinormal 
alkali for neutralization to phenolphthalein, was treated with a 
centinormal solution of potassium hydroxide in the way described 
for experiments with sodium hydroxide. Table X XII shows the 

weight in grams dissolved by the several quantities of alkali. 


TABLE XXII.—AMoOUNT OF EDESTIN 28 DISSOLVED BY CENTINORMAL 
POTASSIUM HYDROXIDE SOLUTION. 
KOH 
3 ce, 2 cc. 3.cc, 4cc. 5 cc. 6 cc. 7 cc. 8 cc. = 
0.0000 0.0150 0.0938 0.1944 0.3294 0.4772 0.7592 0.8500 gram dissolved. 
The amount dissolved per cubic centimeter above 2 cc. was as 
follows : 


TABLE XXIII.—AMOUNT DISSOLVED PER CC. OF CENTINORMAL POTASSIUM 
HYDROXIDE. 


see. 4cc. 5 ce. 6ce. 7 ce. 8 cc. wou 

0.0938 0.0972 0. 1098 0.1193 0.1518 0.1417 gram dissolved. 

In this, as in the experiments with sodium hydroxide, the pro- 
portion of dissolved edestin increased as the proportion of undis- 
solved edestin diminished, the amount dissolved by 8 cc. being 
nearly equal to that calculated for a complete reaction between 
equal numbers of molecules of each substance. The somewhat 
higher figure found for 7 cc. is doubtless due to a slight error of 
manipulation, as indicated by the rise in the curve given in Plate 
II, showing the results of this experiment. 

Another similar series of gram portions of edestin 30, treated 
with centinormal potassium hydroxide in the same way as 28 had 
been treated, gave the following results : 


TABLE XXIV.—AMOUNT OF EDESTIN 30 DISSOLVED BY CENTINORMAL 
POTASSIUM HYDROXIDE SOLUTION. 
I ce, 2 cc. 3 cc, 4cc, 5 cc. 6 cc. 7 cc. 8 cc. 
0.0586 0.0574 0.1146 0.2496 0.3984 0.5220 0.6292 0.7726 


9 cc, Io ce. KOH 


100 
0.8120 ©0.8558 gram dissolved. 
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These results are nearly the same as those obtained with 
preparation 28, the amount dissolved by less than 7 cc. being 
slightly more than in the first series, while that dissolved by 
more than 7 cc. is slightly less. 

Assuming that true solution begins only with 3 cc., we have 
the following quantities, in grams, dissolved per cubic centimeter 
with each quantity of alkali added : 

TABLE XXV.—EDESTIN 30, DISSOLVED PER CC. OF CENTINORMAL, POTAS- 
SIUM HYDROXIDE SOLUTION. 
3cc. 4 cc. 5 cc. 6 cc. 7c. 8 ce. 9 ce. Io cc. Kor 
0.1146 0.1248 0.1328 0.1305 0.1258 0.1288 0.1160 0.1060 gram dissolved. 

As this table shows, with from 5 to 8 cc:, the amount dissolved 
per cubic centimeter is about 15 milligrams less than that calcu- 
lated for a complete reaction between equal numbers of molecules 
of the protein and alkali. The rate at which this preparation 
dissolved is more uniform than that at which 28 dissolved, the 
effect of adsorption being much less in these experiments with 30 
than in those with 28. Probably this is due to the fact that the 
crystals of 30 were much larger than those of 28, and therefore 
amuch smaller surface was exposed by the former on which 
the soluble edestin could be adsorbed than by the latter pre- 
paration. 

A similar experiment with another preparation, 25, was also 
made with the following results. 

TABLE XXVI.—AMOUNT OF EDESTIN 25, DISSOLVED BY A CENTINORMAL 
SOLUTION OF POTASSIUM HYDROXIDE. 


2cc. 3 cc. 4c, 6 cc. 8 cc. g cc. Io cc. 12 ce. 13.cc. 


0.0058 0.0048 0.1380 0.1588 0.2694 0.3594 0.5044 0.7790 0.8678 { ai 


100 
gram 
ssolved. 


This preparation, which, when first precipitated, was perfectly 
neutral to phenolphthalein, became so acid, after washing and 
drying without precautions to exclude carbonic acid, the neces- 
sity of which was not recognized at the time the preparation was 
made, that 4 cc. of centinormal alkali were required to neutralize 
I gram of it. 

From the solutions, to which 2 and 3 cc. of alkali had been 
added, the insoluble edestin settled out, leaving the solution very 
nearly clear and showing no opalescence whatever. Unlike 28, 
this preparation at first dissolved slowly, only 0.02 gram more 
being dissolved by 6 cc. than by 4 cc. but from 6 cc. upwards, 
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solution proceeded at nearly the same rate as in the other experi- 
ments. 

That more edestin was not dissolved by the potassium car- 
bonate first formed with the carbonic acid previously combined 
with the edestin, is due to the slight degree of hydrolytic dis- 
sociation occurring with this salt, an insufficient amount of 
hydroxyl ions being formed to cause a noticeable solution, of the 
edestin. 

Plate II, page 74, shows the relations of these experiments 
with alkalies to one another and makes very evident the effect of 
the small amount of carbonic acid which some of the preparations 
contained. 

Preparations consisting of mixtures of edestin mono- and bi- 
chlorides are completely dissolved when suspended in water and 
an excess of centinormal potassium or sodium hydroxide solution 
is added, equivalent to about 7 cc. per gram of edestin. The pro- 
portion of such edestin preparations dissolved by a smaller excess 
of alkali cannot be determined, as the solution from which the 
undissolved edestin chloride deposits on standing is milky and 
cannot be filtered because supersaturated with free edestin arising 
from the water-soluble bichloride. 

Solutions of sodium or potassium edestin ene turbid after 
several hours and gradually deposit a part of the protein from the 
supersaturated solution thus formed. Solutions of calcium or 
barium edestin, which are formed only in the presence of a much 
larger proportion of these inorganic bases, are far less stable than 
those of sodium or potassium edestin and soon deposit a large 
proportion of the dissolved protein, together with a considerable 
part of the mineral base. Probably the substance which sepa- 
rates from solutions of these compounds is a derivative of edestin, 
but this has not been determined. 

Solutions of sodium or potassium edestin are precipitated by 
extremely small amounts of neutral salts, but are unaffected by 
non-electrolytes, such as sugar or alcohol, unless the latter is 
added in large quantity. The precipitate thus produced is 
readily and completely dissolved by adding a sufficient quantity 
of sodium chloride. In this saline solution these compounds of 
edestin show the properties of globulin. 

Towards salts, potassium and sodium edestin behave like 
edestin bichloride. In the absence of salts, the aqueous solutions 
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of all these compounds are clear and in no way resemble opales- 
cent colloidal solutions. "Thesolutions produced by strong sodium 


chloride brine are likewise clear. 


3. Solubility of Edestin in Sodium Carbonate Solution. 

Each one of a series of gram portions of edestin 30 was sus- 
pended, in a stoppered bottle, in water enough to make a final 
volume of 20 cc. with the decinormal sodium carbonate solution 
to be afterwards added. After adding the amounts of decinormal 
sodium carbonate solution stated in the table and frequently 
shaking, the solutions were allowed to stand until the suspended 
matter had settled. As the portions containing 0.2 cc., 0.4 cc., 
and 0.6 cc. settled slowly, these were filtered through pure paper, 
and 10 cc. of each solution of the entire series were evaporated, 
the residue dried at 110°, and the following quantities were found 
to have been dissolved : 
TABLE XXVII.—AMOUNT OF EDESTIN DISSOLVED BY A DECINORMAI, 

SopDIUM CARBONATE SOLUTION. 


Na,CO; 
0.200, 0400 O6cc, Oct, 1.400 18CC, 22cc: agee. 2.98. oo 


0.0090 0.0376 0.0580 0.2202 0.4722 0.6036 0.7510 0.8160 0.8618 gram. 


Very little edestin is dissolved by less than 0.6 cc. of the so- 
dium carbonate solution, doubtless because of the small amount 
of carbonic acid contained in this preparation. Above 0.6 cc. the 


edestin dissolved at a nearly uniform rate, as shown by the fol- 


lowing table, which gives the amount in grams dissolved in each 
portion pero.1 cc. in excess of 0.6 cc. | 
Thus the ameunt dissolved by 1 cc. was 0.2202 gram or 
0.1622 gram more than was dissolved by 0.6 cc., therefore one- 
fourth of this quantity, 0.0405 gram, was dissolved by each 
0.1 cc. in excess of 0.6 cc. 
TABLE XXVIII.—EDESTIN DISSOLVED PER 0.I CC. OF DECINORMAL So- 
DIUM CARBONATE SOLUTION IN EXCESS OF 0.6 CC. 
1 oc. 1.4 cc. 1.8 cc. 2.2 cc. 2.4 CC. 2.5 Cc. a 
0.0405 0.0518 0.0455 0.0433 0.0421 0.0423 gram dissolved. 


Na,COz 


From these figures it is seen that the amount of edestin dis- 
solved is proportional to the amount of sodium carbonate added 
in excess of 0.6 cc. 

A larger proportion of sodium carbonate is required to neu- 
tralize a preparation of edestin chloride than of potassium hydrox- 
ide. Five grams of preparation 3 were suspended in water, 5 cc. 
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of decinormal sodium carbonate solution added, the mixture 
shaken for some time, the edestin filtered out, and to the filtrate 
and washings 5 cc. of decinormal hydrochloric acid added. The 
solution was then boiled, cooled, and neutralized to phenolphthal- 
ein by 3.8 cc. of potassium hydroxide solution, from which it is 
evident that only 3.8 cc. of the sodium carbonate solution had been 
neutralized by the combined acid of the edestin chloride, which 
contained sufficient acid to neutralize 5 cc. of caustic alkali. 

Whether the edestin is dissolved by sodium carbonate solely in 
consequence of the hydrolytic dissociation of this salt, or whether 
this salt acts also as a solvent, after the manner of neutral salts 
such as sodium chloride, requires further investigation into the 
relations of globulins to neutral salts, which is now in progress in 
this laboratory. 

IV. CONCLUSIONS. 

1. The proteins are basic bodies and enter into ionic reactions 
with acids with which they form true salts. 

2. Preparations of native proteins, as usually obtained from 
solutions slightly acid or neutral to litmus, are salts of the basic 
protein substance. 

3. The acid of these salts can be separated from those proteins 
that are insoluble in water, by making them neutral to phenol- 
phthalein with potassium or sodium hydroxide. The acid combined 
with the protein can then be identified in the aqueous solution, 
by filtering out the insoluble protein, evaporating the solution 
and analyzing the alkaline salts thus obtained. 

4. Preparations of edestin, made by the methods commonly 
employed, contain chiefly chlorides, when crystallized from so- 
dium chloride solutions,—chiefly sulphates, when crystallized 
from a solution containing ammonium sulphate. The salts of 
edestin which crystallize out are those of the negative ions present 
in the solution, the predominating salt being that of the negative 
ion most abundant at the time of crystallization. 

5. Edestin preparations, as usually made from sodium chloride 
solutions, generally dissolve to a considerable extent when washed 
with pure water. The part that dissolves is twice as acid toward 
phenolphthalein as the part that remains undissolved. 

6. The degree of acidity of the part insoluble in water is equal . 
to that of a compound of 1 molecule of edestin with 1 of hy- 
drochloric acid, assuming that the former has a molecular weight 
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of about 14,500, which is twice as great as the simplest one that 
can be calculated from its analysis, if there are 2 atoms of sul- 
phur in its molecule. 

Edestin, therefore, forms salts corresponding to a mono- and 
bichloride. 

7. The crystals of edestin, as well as those of its different salts, 
are, so far as has been determined, isomorphous, the mass in- 
fluence of the protein molecule being so great as to prevent the 
small amount of combined acid from effecting a change in crystal- 
line form. In this respect, edestin behaves like hemoglobin, the 
compounds of which with oxygen and with carbonic acid are also 
isomorphous. 

8. The free base edestin, when suspended in pure water, is dis- 
solved by nearly the calculated quantity of hydrochloric acid re- 
quired for a complete reaction between 1 molecule of edestin and 
2 of hydrochloric acid. On adding the acid in successive small 
quantities, no solution takes place, until one-half the required 
amount has been added. On adding the second half of the acid, 
solution takes place at a rate proportional to the amount of acid 
added. ‘The acidity of the solution obtained with the second half 
of the acid increases at twice the rate at which the acid is added, 
in accordance with the conversion of an insoluble monochloride 
produced by the first half of the acid into a soluble bichloride 
formed by the second half. 

9. Somewhat more than the calculated quantity of hydrochloric 
acid is required to dissolve a given quantity of edestin, because a 
more basic hydrolytic derivative of edestin, sparingly soluble in 
water, is formed by the hydrogen ions set free by hydrolytic dis- 
sociation of the chloride. 

10. Since solutions of edestin bichloride do not appear to be 
precipitated by hydrolytic dissociation, it is probable that edestin 
hydroxide may be formed and remain in solution under the con- 
ditions of the experiments tried. 

11. Edestin sulphates are less soluble than the corresponding 
chlorides and, consequently, preparations obtained from solutions 
containing ammonium sulphate are not soluble in water. Ten 
times more sulphuric acid is required to dissolve a given quantity 
of edestin than of hydrochloric acid. Definite compounds with 
sulphuric acid have not yet been obtained. 

12. Hydrochloric acid dissolves more nearly the calculated 
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quantity of edestin than does acetic acid, since the latter, being less 
ionized than the former, produces, in a given time, only one-third 
as much of the more basic hydrolytic derivative as does the former. 

13. Phosphoric acid reacts with edestin as a monobasic acid, in 
accordance with its dissociation into the ions H and H,PO,. But 
little more than the calculated quantity of this acid is required to 
dissolve a given amount of edestin. 

14. Edestin forms a salt with nitric acid, which corresponds to 
the bichloride. At 30° edestin binitrate is much more soluble in 
pure water than at 20°, so that a clear solution containing 5 per 
cent.-of this salt yields a considerable precipitate on cooling. 

15. Edestin reacts with potassium or sodium hydroxide in a 
proportion equivalent to that with which it forms the mono- 
chloride with hydrochloric acid. 

A given quantity of edestin is dissolved by an amount of centi- 
normal potassium or sodium hydroxidesolution, which corresponds 
closely to a proportion of 1 molecule of the base to 1 of protein. 

Solutions of potassium and sodium edestin, probably in conse- 
quence of hydrolysis, become turbid after standing some time and 
gradually deposit some of the dissolved protein. 

16. About thirteen times as much ammonium hydroxide is re- 
quired to dissolve a given quantity of edestin as of sodium or 
potassium hydroxide. 

17. About three times as much sodium in the form of carbonate 
is required to dissolve a given quantity of edestin as of sodium in 
the form of hydroxide. 

18. Edestin conforms strictly with the definition of a globulin, 
being insoluble in pure water, but readily soluble in neutral solu- 
tions of sodium chloride of sufficient strength. 

19. Edestin monochloride is, likewise, insoluble in water, but 
readily soluble in saline solutions. Edestin bichloride and potas- 
sium or sodium edestin are soluble in pure water, but insoluble in 
the presence of a small proportion of a neutral salt. In the 
presence of a larger proportion of the neutral salt they are soluble, 
and in such solutions they show the properties of globulin. 

20. The fact that edestin, as well asitssalts with strong acids, 
is soluble in perfectly neutral solutions of sodium chloride shows 
that the solubility of a globulin does not depend on the’ presence 


of alkali, as Starke has recently asserted. 
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N a study of soils, it is most essential, to have as wide a 
variety of types as possible, as at best, the study must be a 
comparative one. An hypothesis is taken and applied to the 
maximum number of types, concordant results classified, and the 
cause of the variations studied. The hypothesis is then amended, 
after which the work must be repeated according to the revised 
conditions. * If such a study has been systematically carried out, 
and the variations have been reduced to the limit of error involved 
in a practical application of the same, then the hypothesis becomes 
a theory, which is stronger according to the number of types to 

which it may be successfully subjected. 

In the conditions of organic work in nature, there are to be 
considered, what is the result, and how has that result been ob- 
tained? And that these problems are independent, one of the 
other, is of special significance in the presentation of this paper. 

In the formation of a soil, using the word soil, in an agri- 
cultural sense, the practical interest is, to what degree of perfec- 
tion has the work been done? ‘That is, what state of fertility has 
the soil reached ? The fertility of a soil is indicated by vegetation, 
if climatic conditions can be eliminated. To imitate the results 
obtained by vegetation, and condense the period of work from 
months to hours, means to forecast the amount of ingredients 
which go to make up a crop, which means. the opportunity for 
supplying those ingredients, which would otherwise have been 
found deficient by the crop. And as such an imitation must 
necessarily be under purely arbitrary conditions, why should we 
feel called upon to use a single principle found in nature, other 
than those which suggest themselves on account of their 
simplicity. 

The simple fact is presented, that a certain species of vegetation 
has accomplished a definite result, upon a specified type of soil. 
That the soil has given to the vegetation that amount of mineral 
matter, which was in a condition to be attacked and assimilated 
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by the solvent and absorbent properties of the plant. And to 
estimate the amount of mineral matter which is in such a condi- 
tion is to forecast the results of vegetation, always barring climatic 
conditions. 

The fact that a crop did take up phosphorus pentoxide to the 
extent of 20 pounds per acre, is the very best of evidence that at 
least that much was available for the crop. Just how the crop 
accomplished the result, and what the long list of chemical reac- 
tions are, is at most but of secondary interest. 

It is most apparent that the premise in such a line of reasoning 
is dependent upon the accuracy with which the vegetation indi- 
cates the degree of fertility. The growth of a crop is dependent 
upon the fertility of the soil and climate. In order to study one, 
the other must be eliminated. The only way to eliminate 
climatic conditions, is by culture in pots where the moisture and 
temperature are controlled. By the use of pots, any number of 
soils may be subjected to the same artificially perfect climatic 
conditions, which is to eliminate such conditions. 

The series of pot experiments, which have been conducted by 
the department of agriculture for the past five years, has been 
noticed by most of those in this country, interested in such work. 
There are 175 pots in use, filled with virgin and cultivated soils 
and subsoils, including muck soils from Florida. The cropping 
has consisted of oats and beans, in duplicate pots, thus subjecting 
each type of soil to cereal and leguminous cropping. Each crop 
is always followed by buckwheat as a second crop, the same 
season, the same condition existing every year. A description 
of the pot culture, together with a detailed description of the 
methods that have been used in the planting, watering, harvesting, 
etc., has been prepared by Dr. Wiley, the head of this bureau, 
and is shortly to appear as the introduction to a bulletin on soil 
study. Awaiting this, the writer will not make reference to the 
cropping in detail, and upon which the accuracy of this paper is 
based. 

It is proper to state that the work was originated by Dr. Wiley, 
who collected the samples with much judgment, and subsequently 
entrusted the line of research pertaining to the mineral food, and 
the compilation of such data, to the writer, who, with the excep- 
tion of the nitrogen determinations, accepts a personal responsi- 
bility for the analytical work here presented. 
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To work backward, is many times the simpler method. If we 
have unquestionable results which were obtained by a crop, and a 
sample of the soil which was taken just previous to the planting, 
we have a definite result for which to work. If it is given what 
amount of mineral matter must be dissolved from a given amount 
of soil it is possible to vary the arbitrary conditions, until the 
desired result is obtained. And the more simple and elastic are 
the conditions made, with greater ease and accuracy can they be 
varied. Assuming then that it is simplified to the process of ob- 
taining a definite result by the action of a solvent upon a sub- 
stance, the conditions of solubility naturally suggest themselves 
as the solvent and its strength, temperature and time of 
digestion, degree of agitation and proportion of solvent to sub- 
stance. Ina general sense, to vary any one or more of these 
conditions is to vary the result. In this study, five hours has 
been adopted as the time of digestion, it being appropriate to 
weigh out the samples, digest and filter, in a day’s work of seven 
hours. ‘Two hundred grams of soil per liter are adopted as being 
comparable with custom and accuracy of solvent effect. The 
temperature of digestion is fixed at 40°, that being the lowest 
constant temperature obtainable in summer. The question of 
agitation is of greatest importance, and constant results could 
be obtained only in the maximum degree, so continuous shaking 
is adopted. In comparing the effects of shaking by hand, 
three or four times per hour, with continuous shaking, in the 
latter case the results were sometimes more than doubled in the 
potash, other conditions remaining the same. The method em- 
ployed in this laboratory is that of the slow upsetting device, 
usually known as the Wagner machine, and making about 40 revo- 
lutions per minute. This has the effect of keeping the soil contin- 
uously suspended in the liquid. This machine has been modi- 
fied by Dr. Wiley so as to permit of digestions being made at 
definite temperatures. The modification comprises a well-fitted 
double wall sheet iron chamber, in which the revolving shaft 
together with the attached flasks, are encased. By use of a ther- 
mostat, and owing to the circulation of the air as caused by the 
revolving of the flasks, such a temperature as 40° may easily be 
maintained for hours with no more variation than o.5.° 

For a solvent, the simplest mineral acid, hydrochloric, is 
adopted. The condition admitting of the greatest suscepti- 
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bility to variation, is the strength of the acid. Hence, with other 
conditions fixed, a varying strength giving a corresponding vary- 
ing solvent action, obtains a series of results, from which the 
one may be selected that is most concordant with the results that 
the vegetation is known to have obtained. 

For an insight into the general composition of the soils, a com- 
plete analysis was made of the mineral substance soluble in 
hydrochloric acid (sp. gr. 1.115), the digestion being made on 
a steam-bath, using a reflux condenser, with 10 grams to 100 
cc. of solvent. The time of digestion being the all-important 
question, a series of experiments varying as one, five, ten and 
twenty hours was made on six varieties of soil. Having no 
knowledge of the previous presentation of a similar piece of work, 
the results are here given in Table A. 

There is noticed a decided increase in the lime, potash, and soda, 
which is to be expected, as these result from the decomposition of 
difficultly soluble silicates, which increase would continue until an 
absolute digestion had been made. Attention is called to the 
constancy of the phosphorus pentoxide from one to twenty hours. 
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TABLE A. 


Varying time of digestion for complete analysis. 
Io grams soil in 100 cc. HCl of 1.115 sp. gr. Digest on steam-bath. 


‘Series Hours Insol. NaCl 
No. digest. residue. AloO3;. Fe.O3. MngO3. CaO. MgO. SO. P.Os. KCl. 


13767 I 77.23 6.20 408 oo8 0.81 31.26 0.06. 0.4¢ Gift 
13767 § 92:50 8.46 5.06 ..0:43.., a83. 1.53. O08). a4 0:98 
13767 10 72.12, O55 $0. .0:74;. O60 “56r oo8 arg 1.06 
©3767 20 71.33 9.65 ‘5:54 - 0.33 1.05 1.61 0.08 6.13 1.31 
13768 I 85.53 4.46 3.60 0.08 0.52 1.18 0.04 0.06 0.64 
13768 5 «++» 6.60 3.84 0.08 0.83 1.38 0.04 0.06 0.70 
13768 10 81.24 6.50 4.12 0.08 0.97 1.52 0.04 0.06 1.04 
13768. 20 80.97 6.94 4.14 0.07 iid 53 O04 O08 ° EG 
14094 I 83.43 3.34 3.00 0.08 0.50 0.49 0.07 O.II 0.46 
14094 5 S03 4.37 93-24. os 0.62 0.64 0.06 O.II 0.70 
14094 10 80.26 5.15 3.32 0.20 0.62 0.68 0.06 o.II 0.97 
14094 20 79.55 5-74 3.32 +++ 0.64 0.67 0.06 O11 1.13 
14095 I 83.72 4.10 3.64. 0.08 0.45 0.62 0.04 0.06 0.47 
14095 5 80.30 5.84 3.80 0.23 0.55 0.85 0.05 0.07 0.70 
14095 10 79.46 6.77. 4.16 0.20 0.55 0.85 0.05 0.07. 0.92 
14095 20 78.13 7.06 4.16 0.20 0.59 0.85 0.04 0.07. [.20 
14096 I 77:72 .414 300 008 . 1.30 o975 .c.0o9 «6018 «60g8 
14096 5 76.06 5.08 3.08 0.08 3.40 1.03 QI% GIS 0,90 
14096 10 75.14 6.26 3.32 O10 4g 4.03. OFF. O18 aay 
14096 20 74.14 6.52 3.36 0.10 1.46 1.03 0.10 0.18 0.91 
14097 I 84.32 4.37 3-44 0.f0 0.89 0.90 0.03 O.II 0.47 
14097 5 81.65 4.91 3.56 0.2 0.94 1.00 0.04 0.11 0.67 
14097 I0 81.19 6.36 3.76 0.19 0.98 1.14 0.04 O.II_ 1.00 
14097 20 79.95 6.72 3.80 0.19 1.00 1.13 0.04 0.12. I.21 


From a study of this table it was concluded that a digestion of 
‘ten hours would give a fairly approximate composition. 

In Table B, are given the complete analyses of the soils which 
are to be considered in this study, together with the average 
actual yield of each for three successive years, and are graded 
according to such yield, the conditions of digestion being 10 
grams of soil in 100 cc. of hydrochloric acid (sp. gr. 1.115), 
on a steam-bath, with reflux condenser, for ten hours, shaking 
every hour. 

The determination of total potash and phosphorus pentoxide 
was also made, the method being to weigh out 2 grams of soil 
into a 2-inch platinum dish, and ignite over a Bunsen burner to 
drive off organic matter. Get the soil as much as possible on one 
side of the dish and put in 1 or 2 cc. of hydrofluoric acid. Allow 
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the soil to come in contact with the acid very slowly to avoid loss 
by sputtering, using a platinum stirring rod. After the violent 
action has ceased, place on a steam-bath and evaporate to dry- 
ness. Repeat this operation one or two times and then take up 
with a little hydrochloric acid and water. Filter and wash into 
a 100 cc. flask, place the filter and contents into the platinum 
dish and, after drying over the flame, ignite the paper. There 
will be a small amount of the coarse mineral, which is transferred 
to an agate mortar to be ground, after which it is again digested 
in hydrofluoric acid, until there is no insoluble residue left. 
Take up in hydrochloric acid and water, and add to the original 
washings. 

The method was found to be very easy and rapid of manipula- 
tion, and such a method of solution can not be questioned. It is 
not seen why efforts are made to use methods involving the use 
of large amounts of sulphuric acid and mercury, or commonly 
known as a Kjeldahl digestion, when the use of hydrofluoric acid 
has been made so simple as it is to-day. The results of the total 
digestion are tabulated in Table B. 

It appeared interesting to know how much of the potash and 
phosphorus went into solution in the successive stages of diges- 
tion, and if it was necessary to obtain acomplete solution. This 
was ascertained by keeping the successive digestions separate for 
analysis. A soil was ignited to drive off organic matter. Two 
samples of 5 grams each were taken: one was pestled to a rather 
fine powder, the other remaining in its natural condition. To 
each was added about rocc. of hydrofluoric acid and run down 
to dryness, taken up with 0.5 cc. of hydrochloric acid and water. 
Potash and phosphorus were determined in each, the duplicates 
agreeing. The residues were again digested, and treated as 
above, no trace of potash or phosphate being found. The second 
residue was digested as above until a complete solution was 
effected, in which no phosphate or potash could be found. 

Again 5 grams‘of the same soil were digested with hydrofluoric 
acid and run down to dryness, and hydrofluoric acid added a 
second time, again run down to dryness and taken up with hy- 
drochloric acid. The residue weighed 0.70 gram. This was 
treated again, the residue weighing 0.25 gram. The next residue 
weighed 0.15 gram, and the last residue 0.04 gram, or less than 
1 per cent. of the original sample. This sample was not ground 
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KO 


0. 479 
0.161 
0.095 
0.321 
0.153 
0.351 
0.365 
0.337 
0.594 
0.156 
0.384 
0.747 


0.480 
0.053 
0.554 
0.246 
0.733 


0.193 
0.580 





| 





Soils a 
p49 
Na.O.| CaO. |MgO./Mn2Os. 

| | 
0.178 | 0.675 | 0.615 | 0.050 
0.047 | 0.405 | 0.412) 0.072 
0.119 | 0.575 | 0.501 | 0.025 
0.078 | 0.405 | 0.055 
0.060 | 0.535 | 0.085 
0.125 lo, 870 | 0.010 
0.180 | 0.610 0.110 
0.125 | 1.185 | 0.662 | 0.025 
0.115 | 0.900 0.050 
0.039 | 0.405 0.032 
0.043 | 0.490 0.027 
0.098 | 0.665 0.030 
0.116 | 0.465 0.045 
0.127 | 1.455 0.077 
0.063 | 0.210 0.015, 
0.051 | 0.175 0.050 
0.047 | 0.250 0.070 
0.122 | 0.525 0.015 
0,122 | 0.140 0.040 
0.071 | 0.710 0.040 
0.116 | 0.790 0.040 
0.286 | 1.535 0.050 
0.053 | 0.230 0.020 
0.114 | 0.370 0.040 
0.132 | 0.970 0.040 
0.077 | 0.102 0.088 
0. 283 | 1.415 0.085 
0.008 | 0. 150 0.005 
0.127 | 0.955 0.055 
O.1IT | 0.125 0.040 
0.127 | 0.525 0.040 
0.132 | 1.005 0.130 
0.061 | 0.157 0.040 
0.167 |.0.520 0.065 




















Fe2O3. 


2.920 


4. ‘640 
3.040 
3.640 
4.840 
1.623 
4-200 





TABLE B. 
Digestion in HCI of 1.115 specific gravity for 1o hours on steam-bath. 


rranged in descending magnitude. 








0.070 | 0.043 
0,105 | 0.047 
0.176 | 0.073 
0.168 | 0.044 
0.147 | 0.098 | 
0.035 | | 0.022 
0.230 | 0.100 
0.202 | 0.066 
0.090 | 0,068 

0.233 | 0.083 

| 0.051 | 0.018 

| 0.085 0.053 

| 





Nitric {otal | 


COs. N. 


0.048 | 0.0011 


0.077 | 0.000 
0.054 | 0.000 
0.102 | 0.0046 


| 0.073 | 0.0011 


0.052 | 0.0011 
| 0.000 


| 0.014 | 0.0049 
| 0.044 | 0.0035 
| 0.050 | 0.0029 


0.080 | 0.0011 
0.070 ! 


0.021 | 0.0017 | 


0.068 | 0.000 


| 0.037 | 0.000 


0.054 

0,067 | 0.0017 

0.053 | 0.0023 

0.059 | 0.0011 
| 0.0022 


| 0.068 | 0.0024 


0.024 | 0.0017 
0.048 | 0.0011 


0.010 | 0.0024 | 


0.0073 
0.071 | 0.0024 
0.016 | 0.0046 
0.031 
0.061 | 0.0028 
0.030 | 0.0024 


0.024 | 0.0017 
0.051 | 0.000 


N. c. 


0.173 | 3.38 
rm 


0.090 | 2.12 
0.174| 3.40 
0.147 | 2.32 
0.105 | 2.06 
0.146 | 2,02 
0.181 | 3.27 
0.297 | 5.51 
0.140 | 2.72 
0.096 | 5.68 
0,126 | 2.96 
0.185 | 2.72 
0.213| 3.42 
0.301 | 4.95 
0.074! 1.85 
0.077 | 1.15 
0,122| 2.81 
0.114: 2.76 
0.037 | 0.86 
0.073 | 

0,168 | 3.18 
0.045 | 0.82 
0,095| 1.58 
0.158 | 2.59 
0.129 

0.080 | 1.69 
0,096 | 1.20 
0.068 | 1.01 
0.169 | 2.48 
0.105 | 2.08 
O.1II} 2.05 
0. 106 | 

0.046 | 0.82 
0.093 | 1.84 


| 
a. 


otal | 
K,O. 


2.491 | 
1.970 
2.418 
1.570 
1.510 
4.356 


1.890 


1.247 
1.585 
2.156 
1.974 
1.402 
1.350 


pe 


| 
| 
3 
E 


1.751 
1.527 
1.867 
2.190 
1.829 
1.815 
1.494 
I 856 | 


a; 278 | 
1.905 | 
1.095 | 
1.768 
1.805 
2.592 




















Compar- 
brett ative 
|P.05.| Grade. 
| 0.192 100 
0.162 98 

0.147 93 
0.134 88 
0.262 88 
0.275 80 
80 

| 0.294 73 
| 75 
| 0.102 72 
0.096 65 
0.179 64 
0.192 64 
0.275 62 
0.102 57 
0.083 57 
0.281 51 
0.409 51 
0.243 | StI 
0.166 | | 51 
0.160; 48 
0.339 48 
0.070 48 
0.160 48 
48 

| 0.172 48 
0.281 45 
0.089 45 
0.384 38 
0.313 33 
0.147 | 33 
0.300 27 
| 0.083 | 19 
19 
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previous to digestion, and the residue was probably some coarse 
matter that was decomposing slowly. 

Then a series of samples were digested as above, hydrofluoric: 
acid being added the second time before taking up in hydrochloric 
acid. All the residues were put together and brought into com- 
plete solution. No phosphate or potash was found, which is good! 
evidence that not even a complete digestion is essential. 

The mechanical composition of the soils also, is illustrated im 
Table C. : 

TABLE C, 


Arranged in descending magnitude. Mechanical composition of the soils. 
Per cent. 





Willnot Will 

mm mm mm mm mm. mm. float float Loss on 

Pot. >0.25. >0.10. >0.05. >0.025. >0.012. >0.006. 18hrs. 18hrs. ignition.. 
8 8 


76 I 4 28 $2 7 3 8 
27 4 10 I2 25 16 9 Io 7 5 
7 2 4 26 35 7 3 7 9 9 
16 2 4 2 9 [om 9 7 
go 2 4 12 27 20 9 II 7 5 
18 2 5 31 20 15 4 6 9 | 
5 ee oe oe oe oe oe ee oe oe 
74 13 23 II 14 12 3 4 7 I2 
65 I 13 8 15 8 4 18 13 9 
80 12 36 2I 7 8 4 2 2 5 
14 620-237 15 7 7 3 2 I 6 
22 14 30 16 14 9 3 2 5 7 
) 3 4 ) 26 0«dI 9 «618 9 9 
70 2 6 7 25 Io 6 15 15 2 
3 2 14 7 34 II 6 12 8 2 
25 I 32 33 II fe) 3 2 5 ET 
19 21 20 15 15 9 3 8 I 7 
12 3 9 52° 20 3 2 2 2 6 
51 21 24 15 13 6 my 10 5 2 
87 14 21 22 II 8 2 I 4 6 
39 14 20 16 16 6 4 8 7 8. 
63 6 14 20 II is «5 8 14 7 
69 2 5 mo ¢ 8 9 8 7 4 
73 6 5 9 2227 6 8 7 7 
84 I 2 30 20 16 4 8 12 6 
29 II 15 II 19 8 7 15 9 6 
31 1; 20 24 II 10 5 7 II 5 
89 :. - 42 8 7 5 3 5 2 
I Io 17 18 12 12 5 8 it 8 
85 18 23 16 13 6 3 9 5 5 
104 I 2 19 32 7 4 12 16 4 
93 10 17 19 II 12 5 8 10 8 
Iol 2 5 12 33 20 8 7 9 3 
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In this, a method was to some extent improvised, it being in 
the main the beaker decantation, or what is more generally 
known as the Osborne method. The radical change was a 
method devised for the disintegration of the sample. Instead of 
pestling with a rubber-tipped pestle, the sample was agitated in 
water by means of a shaking machine. Twenty grams of soil 
were put into a cylindrical bottle, the ordinary 8 oz. sterilizing 
bottle being used, with about 150 cc. of water, and the bottle 
shaken about one hour at the rate of 150 strokes per minute. A 
frame was constructed to hold ten or more such bottles. The 
method proved admirable in every respect. Samples shaken one 
hour and one week gave constant results, disproving any grinding 
of particles. The siftings were made through sieves and bolting- 
cloth, the decantations controlled by the microscope. Below 0.006 
mm., the decantation could be made with no accuracy, and resort 
was had to an arbitrary floating method. The period of eighteen 
hours was selected, as it was convenient to arrange for the 
settling at the close of a day’s work, and to decant the next morn- 
ing. ‘This decantation or what is specified as ‘‘does float eigh- 
teen hours,’’ was determined by difference. 

While this separation of particles below 0.006 mm. is alto- 
gether arbitrary, it is no more so than the practice of endeavoring 
to measure with the microscope, and decant particles below that 
size, the inaccuracy of measurement being so great. In this 
work, the writer found it very convenient to make the coarser 
separations in the working hours, and at the close of each day, 
to stir the sediment and allow to stand until it could be decanted 
next morning, the time being about eighteen hours. Jt took 
five or six days to complete the separations, and that many de- 
cantations of eighteen hours’ standing gave-a clear decantation 
at the last, after which the residue was weighed to represent that 
portion that was below 0.006 but would not remain in suspen- 
sion eighteen hours. 

As this paper will relate to the oat plant, only data for such 
pots will be presented. In most instances the subsoils failed to 
make what could be called crops, so these and the muck soils, 
being abnormal conditions, were not considered, except in a few 
instances, while again, some of the so-called subsoils were prac- 
tically soils, the subsoil being the second six inches. In some 
other cases there was insufficient sample to admit of the work, 
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so the data given is not a selection, but comprises all soils which 
produced crops, and of which there was sufficient sample for 
study. 

The crop data for the five years since the first planting, is il- 
lustrated in Table D. 

The weight of soil in the pots varies from 23 to 30 kilos. The 
crop weights are expressed in parts per 100,000 of the soil, while 
the ash, nitrogen, potash and phosphorus pentoxide are ex- 
pressed in parts per 1,000,000 of the soil. This method of ex- 
pression makes the results comparable. It is observed there are 
two columns under each of the headings. In all cases, the left 
column refers to the first crop, oats, and the right column, to 
the second crop of that season, buckwheat. For illustration, pot 
I contains 31.1 kilos of soil. It was not planted until 1896, when 
the weight of the oats in parts per 100,000 is expressed as 159, 
and the following buckwheat crop as 105. The crude ash of the 
oats is expressed in parts per 1,000,000 of the weight of the soil 
as 197, and of the following crop of buckwheat as 124. The 
nitrogen is: oats 18 parts per 1,000,000, and buckwheat 13; 
potash in oats as 60, in buckwheat as 36, and phosphorus pent- 
oxide in oats as 16, and buckwheat 12. Continuing horizontally, 
the crops and their respective analyses are expressed for each 
subsequent year in a similar manner. 

In pot 3, it is seen that there was a crop of oats raised in 1895, 
but no second crop of buckwheat, while thereafter the two crops 
were raised annually. 

In an average crop of oats of 45 bushels per acre, if the weight 
of total crop be computed on the area of a circle 12 inches in 
diameter, which is the area of the pot, and that weight compared 
with the average weight of soil in the pots, and expressed in 
parts per 100,000, the ratio will be 100; that is to say, under the 
column headed ‘‘ crops,’’ the normal crop will be expressed by 
100. 

It is noticed that many of these crops are very much above the 
normal. But when it is considered that the moisture and tem- 
perature, have been ideal, and that some of the soils are of our 
richest virgin types, it is anticipated that the crop will utilize 
all assimilable food, provided there is an approximate balance of 
the essential elements; that is to say, a soil with a superabun- 
dance of potash, and a decided deficiency of phosphate, is not ex- 





parts per million of the soil. 
Year 1895._ 


First column under each head is oats. 
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TaBLE D.—Annual yields expressed in parts per hundred thousand of the soil. Crop composition expressed in 


Second column is buckwheat. 
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pected to furnish to the crop all of its available potash, or as 
much as it would were the deficiency in phosphate made up. 
Further, it is rational to expect that, with a soil abounding in 
one element, as potash for example, and deficient in another, as 
phosphate, the crop would feed more greedily on the deficient 
element, in its effort to make a balance in its composition. In 
other words, a crop feeding on a soil highly supplied with one 
element, and deficient in another, would take from the soil more 
of the deficient element than would be considered available under 
normal conditions. 

In a study of Table D, it is seen that the columns headed K,O, 
and P,O,, are very indicative. There is shown here the actual 
amounts that the crop obtained under ideal conditions of climate. 
Can not the ratios 60 and 16, as shown in pot 1, be interpreted as 
representing the available amounts of potash and phosphate, 
which the soil held ready for that crop at the time of planting, 
assuming of course the possibility that one of these elements may 
be largely in excess of that required for a balanced composition ? 
There is no other standard for what a soil should do, than what 
it actually does under ideal climatic conditions. 

It is readily conceived that while the mineral matter in a soil 
is not soluble in water, still some of it may exist in such a 
degree as to become soluble in the acids in the sap of roots. If 
we know how much the root acid was able to dissolve, can not 
any simple acid be diluted until it will accomplish the same re- 
sult? Accordingly, the results sought are those under the head- 
ings K,O, and P,O, in the left column as representing the avail- 
able potash and phosphate respectively. 

The simplest acid, hydrochloric, dnd the solvent conditions as 
previously referred to, are taken with the purpose of diluting the 
acid, until its solvent effect reaches a point where it is com- 
parable with the actual conditions. 

A preliminary digestion is made to determine the basicity of 
the soil, and a correction made in the strength of the acid so as 
to reduce the solvent action to a uniform basis. It is under- 
stood that where a digestion is spoken of as being made in N/50, 
for illustration, that the solvent was stronger than N/s50, but after 
digestion, the filtrate was N/50. For example, 20 grams of soil 
were digested in 100 cc. of N/10 hydrochloric acid for five hours 
at 40°, constant shaking, and 10 cc. of filtrate titrated with N/10 
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alkali, using methyl orange as an indicator to avoid carbon di- 
oxide. Suppose 9 cc. of alkali are required to neutralize. Then 
1 cc. of acid was neutralized by the basic matter, and consequently 
1 cc. additional of the N/1o0 acid must be allowed for, or 10 cc. of 
an unknown strength must be the equivalent of 11 cc. of N/ro. 
Therefore, 10 cc. N/X ‘must equal 11 cc. N/10, or X equals 9; 
that is, the solvent should be N/g in order to have a filtrate N/ro. 

While it is not exactly theory, it is within the limit of error 
that a solvent of strength of N/go on such a soil gives a filtrate of 
N/1oo. In like manner, N/180 gives a filtrate of N/200. 

A series of results were obtained in N/10 hydrochloric acid. 
They ranged from two to seven times the results as shown in the 
crops. A second series in N/25 acid, other conditions remaining 
the same, gave in some soils about half that obtained in the N/ro, 
while in others nearly the same. In the same manner, the 
strength of the acid was successively divided until the dilution 
corresponded to N/200. The results are tabulated in Table E. 

In Table F, a comparison is made between the results obtained 
by the crop, and those obtained by a digestion in N/200 hydro- 
chloric acid, the soil sample being taken before planting. 

The two columns on the left are expressed in parts per 1,000,000 
of the soil, soluble in N/200 hydrochloric acid, and the two 
columns on the right are parts per 1,000,000 of the soil taken 
up by the crop, these results being taken from Table D. The 
results are most striking. In pot 1, the ratios of 16 and 65 
against 16 and 60 are singularly coincident, and represent a soil 
well balanced in plant food. In the following year, there was 
but half the amount of phosphate available, and apparently more 
potash. Pot 3 shows a soil most deficient in phosphate and 
abundant in potash. It is reasonable to suppose that on such 
soils, a crop ‘would be ravenous for phosphate and so feed on 
phosphate that would not be considered available under normal 
conditions, while at the same time it would not utilize all of its 
available potash. This is the best illustration of a soil unbal- 
anced in plant food. By reference to Table D, it will be seen 
that the soil shows its poverty throughout. Pots 5, 7, and 9g are 
also poorly balanced. Pot 12 is decidedly an inferior soil in 
mineral food. While the acid-soluble potash is coincident with 
the crop result, it would not be expected that the crop would 
obtain comparatively so much phosphate. However, it is ex- 











Cc. C. MOORE. 


TABLE E. 
Successive Digestions in Acids of Different Strengths. 
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TABLE E.—Continued. 
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pected that the crop would feed ravenously for phosphate, and so 
take up more than is apparently available. Pot 18 is another 
illustration of superabundant potash. By referring to Table E, it 
will be seen that in N/100 acid there is two and a half times as 
much phosphate soluble as in N/200; that is to say, there is 
much phosphate just beyond the line of that interpreted as being 
available, so it could be foretold that with so much available 
potash, more phosphate would be assimilated. Pot 19 is in 
striking contrast. Here is a great excess of potash shown to be 
available, but, as seen in Table E, there is but one-ninth more 
soluble in double the strength acid. Consequently, this soil 
would not be expected to supply much more phosphate than that 
interpreted as available, even though the potash is most abun- 
dant. In pots 20 and 22, the interpreted plant food is nearly coin- 
cident with the actual conditions. In pot 25, the food elements 
are poorly balanced, the potash figures agreeing very well and 
showing a deficiency in potash. Pot 29 seems totally lacking in 
available phosphate, and well supplied in potash. Pots 31 to 51 
are virgin subsoils. It is interesting to note the change in the 
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Comparison of mineral matter soluble in 8/5, HCl, with that taken off by crop. 
[Parts per million. ] 
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1 Second year. 
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soil in 31 after one year, the potash increasing from 20 to 69. 
This is the subsoil of pot 1, and it will be noticed that the phos- 
phate is the same, while in the second year the potash is the same. 
The soil and subsoil are practically the same, as will be seen in the 
In pot 51 it will be noticed that the crop 
fed more on phosphates than shown in the analysis. 


mechanical analyses. 
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TABLE F. 
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by crop. 
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it will be seen that the phosphate went from 3 to 13 in the next 
strength acid, showing that more phosphate was very nearly avail- 
able, and which became so after the subsoil had been exposed to 
the air. 

This concludes the virgin soils that were studied. Pots 63 to 
go inclusive, are cultivated soils. Pot 63 is overbalanced in phos- 
phate. It would be expected that more than 84 parts of potash 
would be utilized, rather than only 62. This crop as seen in 
Table D, is impoverished in nitrogen. It is more probably 
suffering for want of a better crop rotation system. It will be 
noticed that the crop is two anda half times greater the first 
year than in the second. Pots 65 to 74 are similar to soils, to 
which reference has been made. Pot 76 is extraordinarily fertile, 
so far as the immediately available phosphate is concerned. But 
in Table E, it is noticed that in N/1oo acid, about one-fourth 
more is soluble than in N/200, while N/50 gives no increase over 
N/10oo. In this soil, the first crops would be expected to abound 
in phosphate, followed by a rapid deterioration in that element. 
This is noticeable in the following year, where the phosphate falls 
to 13, and throughout the crop records of that soil. Pot 85 is 
fairly well supplied in phosphate and potash, but the crop is only 
76, or about three-fourths a normal crop, so the soil is suffering 
for some other essential element, or more probably from improper 
crop rotation. Pot 86 is the best type of a soil balanced in these 
plant foods, its crop being about two and a half times the normal. 

The ratio of 25 parts of phosphate to 100 parts of potash, seems 
to be the ideal condition. This ratio of 1 to 4 seems to exist in 
most of the soils. 

In pot 89 there is a discrepancy not understood when the phos- 
phate and potash only areconsidered. Pot 90 contains more than 
double the amount of available phosphate that is found in any 
other soil, but its deficiency in potash is foreseen. The waver in 
the potash as seen in the three years in which this soil was 
studied, is proportional to the waver shown in the cropping, the 
first and third years being constant, with the drop in the middle. 

Pots 93 to 117 are subsoils upon which the same diagnosis 
seems to hold. Subsoils are an abnormal condition, and so few 
of them produced a crop that not much can be seen from the 
small data here presented. 

Pots 156 to 170 are soils taken from the famous wheat and 











96 Cc. C. MOORE. 


barley fields of Rothamsted, England. As is well-known, these 
fields have been under continuous study for more than half a cen- 
tury. The plot references as given in the Rothamsted memo- 
randa, are shown in the column headed Wioa. Some of these 
plots have been treated with excessive quantities of artificial 
plant food, as ammonia salts, sulphates of potash, soda, and mag- 
nesia, and superphosphate of lime, so that the condition is most 
abnormal in cases where all of these compounds have been ap- 
plied to a single plot. In pots 156, 160, and 170, only nitrogen 
has been applied. In these pots the interpreted potash is nearly 
coincident with the crop record, and the phosphate is shown to be 
as deficient in the crops as would have been anticipated from 
the soil analysis. Pot 158 has had continuous application of 
superphosphate. This is shown in the analysis but not to the ex- 
tent taken up in thecrop. It is well-known that the available 
phosphate in a superphosphate is constantly reverting to an in- 
soluble form, and it is rational to suppose that, as this sample of 
soil was on hand for over three years before the analysis was 
made, in that time some would have reverted that would 
have been soluble, had the analysis been made at the time the 
crop was planted. However, the potash is seen to be practically 
coincident. In pot 162, superphosphate and potash had been 
added. The increase of available potash is shown in the analysis 
and in the crop, it not being expected that the total available 
would be utilized, as has been pointed out in previous cases of a 
superabundance of one element. The increase in the phosphate 
is shown, but not to the extent indicated by the crop for the 
reasons as cited in reference to pot 158. All of the soils have 
been studied nearly four years after the sample was taken. In 
pot 164, only superphosphate has been added. As this soil is 
similar to pot 158 in the matter ‘of potash, it is more than prob- 
able that the result 17 is low, due to an analytical error. By a 
reference to Table E, it is seen that these soils are nearly identical 
in potash in the N/100 and N/50 digestions. Pot 166 has been 
treated with potash as is shown in the analysis, but deficient in 
phosphate, while pot 168 has received both potash and phosphate, 
as is shown in the analysis. The same condition in the matter 
of phosphate exists, as was referred to in pot 158. 

Now to look at this Table F, as a whole, there are about 
65 pots studied, covering a range of soil types from Massachusetts 














> 


-_— EE we a So Oc SlULhDh,llOr ale he 


_ - ee. 








MINERAL PLANT FOOD IN SOILS. 97 





to California. The soils have been taken with the one purpose 
of having as much variation as possible. It is not a selection of 
evidence that is comparable, but is all the material that was avail- 
able for study. With the exception of about two instances, 
the analyses indicate, to a remarkable degree of accuracy, the con- 
ditions as brought-out in the crops. Just how much circumstan- 
tial evidence is necessary to establish a fact, is always question- 
able, and whether the data here given is sufficient proof, is not the 
province of any one man to decide, as to its being a means for 
forecasting the mineral plant food available for an oat crop. 

The simplicity and rapidity of the method will undoubtedly 
appeal to any one. All chemists have noticed the degree to 
which analytical methods may be simplified by actual experience. 
In this method the ratio of substance to solvent was 200 grams 
per liter. However, a liter flask was used in which 186 grams of 
soil were placed, and the solvent added up tothe mark. This 
varied only 1 or 2 cc. from 930, which was the ratio desired. 
After the digestion the whole was shaken and emptied on toa 
fluted filter sufficiently large. After draining, the volume of the 
filtrate did not vary 10 cc. from 800. This was shown in so 
many cases, that the filtrate was no longer measured, but taken 
as 800 cc., corresponding to 160 grams of the soil. This expe- 
dited the work greatly, and avoided the recording of figures, and 
the chance for mistake. To this filtrate was always added 1 or 
2 cc. of nitric acid for the double purpose, of decomposing 
any ammonium chloride which may have been formed in the di- 
gestion of organic matter, and also to oxidize any organic mat- 
ter in solution. After evaporating to dryness, hydrochloric 
acid was added repeatedly and evaporated until there was no fur- 
ther evidence of the presence of nitrates. The residue was now 
transferred to a smaller porcelain dish, and diluted to about 
50 cc. with water. To this was added 2 cc. of platinum chloride, 
according to the method of direct estimation of potash as found 
in this Journal, 20, 340 (1898). The solution was slowly con- 
centrated until the potassium platinichloride could be crystallized 
on the sides of the dish, after which it was set off to cool and 
solidify. It was then treated with acidified alcohol as described 
in the method referred to, washed onto a paper filter, and washed 
with plain alcohol and then with the half-saturated solution of 
ammonium chloride, according to the usual method. After drying 
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the salt, it was dissolved and washed through with hot water 
into small platinum dishes, evaporated to dryness, dried at 100°, 
and weighed. The filtrates were set aside after the washing with 
ammonium chloride, stirred up and the ammonium platinum 
chloride allowed to settle over night. Most of the liquid can then 
be decanted into porcelain evaporators. The residue is washed 
onto a filter with alcohol three or four times, the washings being 
added to the original solution for evaporation. A rather large 
dish should be used and the evaporation carried on slowly, until 
the alcohol is completely volatilized. There is left a large residue 
of ammonium chloride, which should be well diluted with water, 
and 2 or 3. cc. of nitric acid are added. The dish should be cov- 
ered at first and warmed very gently to avoid loss by spirting. 
After the salt has been decomposed, the evaporation may be com- 
pleted. The residue is taken up with water and a few drops of 
nitric acid, and the determination of phosphorus pentoxide made 
according to the usual molybdate method, titrating the yellow 
precipitate. It is seen that the results in potash and phosphorus 
pentoxide are to be calculated on the original 160 grams of soil, 
which is a great advantage in accuracy over dividing the original 
solution. 

As to the accuracy with which these results can be obtained, 
the writer has found no more variations in duplicates, where the 
results are expressed in parts per million than in analytical deter- 
minations where the results are expressed in parts per hundred. 
Several sets of samples were repeated through mistake, the re- 
sults being practically the same in all cases, and in some, identical. 

By following such a procedure, the writer has found it very 
easy to make such analyses, averaging ten samples per. day of 
seven hours’ work, where the evaporations could continue through 
the night. Samples could be completed within four days. The 
daily expenditure, including salary of the analyst, chemicals, 
portion of house rent and the help of porter in the preparation 
of samples, is less than $5 at this laboratory. This means that 
samples could be brought to such a laboratory, and four days 
later the results could be received as to the immediately available 
phosphate and potash, at a cost less than 50 cents per sample. 

A method of soil analysis to be valuable, must be cheap and 
rapid. It is not enough to say that a soil is deficient in phos- 
phate for example. It should be ascertained How deficient. If 
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a soil analysis shows 10 parts per 1,000,000 of phosphorus pent- 
oxide, and the intended crop requires 20, it is more reasonable to 
add the deficient 10 parts than to pronounce the soil deficient in 
phosphate and proceed to add the 20 parts which the crop will 
need. Ifa soil is totally deficient in every plant food, it is gener- 
ally known that such a soil cannot be fertilized with profit. Itis 
only where there is a partial deficiency, or a poorly balanced soil, 
that the use of artificial food is economy. Ina true sense of 
economy, the agriculturist should know from the analysis sup- 
plied him, as to whether a full or partial fertilization is profitable. 
Suppose he finds his potash to be somewhat below the normal 
requirement, and his phosphate to be about half deficient. Will 
he supply the phosphate until it balances the potash, or will he 
increase the potash up to the normal, and balance the phosphate 
with that. ' In the first case it would be the equivalent of buying 
something in order to make something that he has, profitable, 
while in the second case he would be buying something which re- 
quired the purchase of something else, in order to make either 
profitable. 

In the study of the Rothamsted soils, the opportunity is 
offered to compare results obtained by the method as above pro- 
posed, and that published by Dyer in the Journal of the Chemical 
Society, 1894, upon the use of 1 per cent. citric acid as a solvent 
for available plant food. There are but four of the soils which 
were studied by Dyer, namely, pots 160, 164, 166, 168. His 
samples were taken to the same depth as those sent to the Depart- 
ment of Agriculture. The results are expressed in parts per 
1,000,000 and compared with those obtained by the hydrochloric 
acid and the crops. 

TABLE G. 


Comparing one per cent. citric with N/200 hydrochloric acid. 
[Parts per million. ] 


Supposed available. Taken off by crops. 

Pot. i  < P20;. K,0. Solvent. 
160 I 22 4 24 HCl 
160 60 20 ee wee citric 
164 2 17 13 29 HCl 
164 425 23 oe oe citric 
166 I 160 6 30 HCl 
166 81 407 +. + citric 


168 6 127 16 64 HCl 
AS ae citric 
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In pot 160, a soil that is known to be impoverished in all plant 
food, the citric acid gives 60 parts per 1,000,000 as representing 
the available phosphate, an equivalent of 150 pounds per acre, 
figured to a depth of twelve inches, or as much as good crops of 
oats would take off in ten years. And in pot 166, another soil 
known to be totally deficient in available phosphate, the citric 
acid method shows 81 parts per 1,000,000, an equivalent of 205. 
pounds per acre, or enough for fifteen years. In the plots that 
have been fertilized with phosphate, pot 164 would be considered! 
to have 425 parts or 1073 pounds per acre, and pot 168, 500 parts. 
or 1264 pounds per acre, or the equivalent of a good crop feeding 
for seventy-five years. The total phosphorus pentoxide as obtained 
by Dyer on the unfertilized soil in pot 160, was equivalent to 2400 
pounds per acre, while that on the fertilized soil of pot 168 was 
4600 pounds per acre, these two plots being the same original soil. 
Here is an accumulation of over 2000 pounds of phosphorus pen- 
toxide, of which very little can be available, it having reverted to 
an insoluble form. However, the citric acid is able to obtain 
1200 pounds of this accumulation. 

As has been previously referred to, these soils, where they have 
been fertilized, are so artificial that not much can be learned from 
a chemical study of them, pot 160 being the only unfertilized 
soil. In this pot the indications for the potash are very close, and 
agree with the crop data while in the phosphate there is a wide 
discrepancy. 

It is recognized that this citric acid digestion was the first step 
toward using weaker solvents, and that the work was done seven 
years since. And to quote that writer’s language, ‘‘ since the 
choice of a solvent for use in soil analyses must in the end be 
empirical, both as regards its form and its strength,’’ it is sur- 
prising that the tendency has been to work with citric acid, or 
acetic, oxalic, aspartic, or any complicated solvent of such a 
nature. Only last year the investigator of that same work 
on citric acid, addressed our Association of Agricultural Chemists 
and very aptly remarked that he saw no reason why its use 
should be discontinued, as nothing better had been suggested. 

It is interesting to notice some of the conditions of solubility 
as used by Dr. Dyer, as well as many of the American chemists, 
on this line of work. According to Dr. Dyer’s article, ‘‘ the tem- 

perature ranged between 10° and 19° C.,’’ the work being done 
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in the winter season. The same line of investigation has been 
continued in this country in summer at ‘‘ room temperature,’’ 
which is oftentimes 30° to 35° C. Here is a range of 9° in the 
digestion as carried on by Dr. Dyer, and an extreme range of 25° 
in the continuation of the work. It may here be worth while to 
refer to some unpublished results obtained by Dr. W. G. Brown 
and myself, in reference to the controlling conditions of solubility 
in citric acid. The results are tabulated in Table H. 


TABLE H. 
Soil 29. 200 grams in citric acid. 
Strength Temp. Time 
Liters acid. digest. digest. P.O;. K.O. 
solvent, Per cent, Degrees. Hours, Per cent. Per cent. 
I I 30 5 0.011 0.007 
2 I 30 5 0.012 0.008 
~ I 30 5 0.014 0.008 
I 2 30 5 0.012 0.007 
? 2 30 5 0.013 0.007 
> a 30 5 0.013 0.008 
I I 40 5 0.022 0.008 
2 I 40 5 0.022 0.008 
2 I 4o 5 0.026 0.009 
I 2 4o 5 0.024 0.008 
2 2 40 5 0.022 0.008 
3 2 40 5 0.030 0.008 


It is seen that in variations of 1 to 3 liters of solvent and 1 to 
-2 per cent. of acid, at a constant temperature of 30° C., the 
phosphorus pentoxide is constant at about 0.012 per cent. and the 
potash constant at 0.008 per cent. With the same conditions 
maintained, and the temperature increased by 10°, the phosphorus 
pentoxide is constant at about 0.024 per cent., and the potash re- 
mains 0.008 per cent.; that is to say, an elevation of 10° in 
temperature, doubles the solubility of the phosphate. An 
. elaborate piece of research was undertaken to arrive at the 
strength of 1 per cent. which can at least be doubled without 
effect, while the extremely sensitive point, the temperature, was 
not considered. ‘The potash conditiotis are different. It remains 
- constant at 0.008 per cent., which exactly coincides with the 
result obtained with N/200 hydrochloric acid (see pot 29, Table 
F). Also in the unfertilized plots of the Rothamsted soils, in pot 
160, Dr. Dyer obtained 20 parts per 1,000,000 against 22 by the hy- 
. drochloric acid, and in pot 164, 23 parts against 17, while in the 
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fertilized plots, as pot 166 and 168, there were 4oo parts against 
160 and 300 against 127. 

It is not intended that these references should undervalue the 
splendid work done by Dr. Dyer, but will suggest that the time 
has long since arrived for a second step to be taken in a line of 
work of importance, incomparable with anything else in scientific 
agriculture. 

For the sake of comparison, the writer has selected a set of ten 
samples and subjected them to the several methods proposed for 
the determination of available phosphorus pentoxide and potash. 
The results are tabulated in Table I. They are arranged in the 
order of the agricultural value of the soils, as shown by the pot 
experiments, beginning with the better soil. The results are ex- 
pressed as parts per 1,000,000. 

TABLE I. 
Comparison of proposed methods for available plant food. 
[Parts per million. ] 
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In the soil most deficient in phosphorus pentoxide, the lowest 
result obtained is 50 parts per 1,000,000, being double that 
obtained by the best crop grown in 175 beds, while the result 
in the highest soil is sixteen times greater than what it actually 
was inthe pot. Pots 63 and 93 are highest in available phos- 
phate, but it does not appear high in the crop, owing to the defi- 
ciency of potash in these soils. The N/5 hydrochloric acid 
method grades pot 98 as first, while it is actually last. It grades 
pot 93 about half that of the lowest, while it is the highest. The 
ammonium chloride method grades the highest pot, 93, first, but 
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it grades one of the lowest pots, 65, second. The 1 per cent. 
citric acid correctly grades the highest pots, but grades the lowest 
as second. In the potash determinations, attention is called to the 
close agreement of the columns headed N/5 hydrochloric acid, and 
ammonium chloride. ‘With the exception .of those under the 
heading N/200 hydrochloric acid, the results in this table run 
from 10 to 200 times what it actually obtained in the crop, and in 
no definite direction. 

Table E is incomplete owing to the lack of sufficient quantity 
of sample. In this table, in comparing pots 1 and 86, the phos- 
phorus pentoxide is seen to be 105 against 74 in the N/25 acid. 
In the next weaker strength acid, the comparison is 63 to 4o, then 
35 to 26, then the figures reverse in N/200 and become 16 to 25. 
This last is just the result obtained by the crop. By a study of 
this table a number of such illustrations can be seen, which go to 
demonstrate that the fertility of a soil depends upon the quantity 
of phosphate contained in it, but upon the peculiar condition in 
which some part of that mineral exists. 

By a comparison of Tables E and D, it was endeavored to 
obtain some foresight as to the successive crops. In cases where 
the soil is normally balanced in phosphate and potash, it will be 
seen that the phosphate represented as soluble in N/25 acid, very 
closely corresponds to that taken out by the three successive 
crops. 











TABLE K, 
P2035. Yield of 

Pot. N/25 HCl. three crops. 

7 20 18 
14 24 21 
19 48 49 
22 50 12 
25 16 II 
27 60 57 
29 13 14 
76 57 60 
85 44 28 
86 74 68 


In pot 7, three crops have taken out 18 parts of phosphorus 
pentoxide, and the result for N/25 acid is 20. 
crops take out 21 parts, and the N/25 acid shows 24. 
the three crops take out 49 against the result 48 as shown, and 
Pots 1, 18 and 63 show abnormally 


so on through the others. 





In pot 14 three 
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high results in the N/25 acid, indicating an overbalance of phos- 
phate. 

While these results are not to be considered conclusive, yet, in 
the ten instances cited, the phosphate in all cases will be included 
within the phosphate soluble in N/25 acid, and in seven of these 
cases the results obtained by the three crops are practically iden- 
tical with those obtained by the N/25 acid. 

Special notice is directed to the fact that the proposed method 
as illustrated in Tables E and F, is intended as an interpretation 
of the yield of a crop, only in so far as the potash and phosphate 
are Goncerned. Two crops may make the same total yield of grain 
and straw, and still be very different in the amount of phosphate 
or potash that was taken from the soil. To illustrate, pot 162 in 
1897 produced a crop analyzing 6.30 per cent. potash. Pot 
164 in 1899 produced a total crop of the same weight as that in 
162, analyzing only 1.35 per cent. potash. While pot 160 
in 1899 produced a crop analyzing 0.31 per cent. phosphorus 
pentoxide, pot 164 in 1897 produced a crop analyzing 1.44 
phosphorus pentoxide, the total crop weights being about the 
same. ‘These pots are cited because they are the same original 
soil, the plots running high being fertilized. Here are crops the 
same in total yield, but one containing five times the plant food 
found in the other. We might refer to one crop as being 
diluted until it equals the other in weight. . The question that 
presents itself is, Will a food so diluted be as valuable as an 
undiluted one, especially if the mineral matter is the desired con- 
stituent? If an animal is fed a ration of oats for the develop- 
ment of bone, on such a feed as that above referred to, it must 
eat five times as much, should it be fed on the poorer quality. 

A crop deficient in the plant food desired, is a poor crop, even 
though large in bulk. While there are no instances recorded 
of where the price of oats was determined by its composition, 
rather than its bulk, still it is reasonable to infer that the one is 
more desirable than the other. If the soil is deficient in such 
a plant food, the deficiency should be supplied without regard to 
the effect upon the total yield. It is from this standpoint that 
the value of such a method may be viewed. 

In order to obtain the efficiency of a soil in the matter of plant 
food supplied, the crop must not be looked upon as yielding so 
much grain, but the composition of the grain and straw must be 
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taken together. The formation of grain is dependent upon the 
season. The soil may have supplied the needed plant food, and 
it may have been taken up by the plant, but the transmigration 
of that food throughout the plant, is a process confined to the 
functions of the plant, which is to a large extent determined by 
the season. A good season may be represented as where the 
greater portion of the plant food has moved into the grain, while 
in a poor season, just as much plant food may have been taken 
from the soil, but remained disseminated throughout the plant. 

In pot 65 in 1895, the total crop ratio is 278, with phosphorus 
pentoxide expressed by a ratio of 5, while in pot 63 in 1897, the 
total crop ratio is 71, with phosphorus pentoxide equivalent to 15. 
The latter pot supplies a ratio of phosphate ten times that of the 
former. 

It is’ evident that an overstimulated plant is quite different 
from the plant in its normal growth. ‘The soil in pot 65, if not 
artificially, was naturally a very rich soil in nitrogen. The crop 
analysis shows 53 parts of nitrogen taken up, or nearly 20 per 
cent. more than the crop second highest in nitrogen of all the 
experiments that have been made in this work. Pot 63 in 1897 
supplies three times as much phosphate, although it makes a total 
crop of but one-fourth that of pot 65. It would be expected that 
the crop in 65 was one in which the plant was enlarged with 
nitrogen-feeding, only that the ash is very high, showing that 
while potash and phosphorus pentoxide wére taken in but very 
limited quantities, still some other mineral must have been sub- 
stituted. However, these are ‘‘crude ash,’’ and are very high in 
carbon, and not much can be learned from this. 

In the Rothamsted soils the effect of fertilizer stimulant is ap- 
parent, even though none has been applied since received by the 
department. All except pot 170 had received nitrogen, pots 
156 and 160 receiving nitrogen only. Pot 170, which had no 
fertilizer, shows a higher crop than 156 and 160. From a study 
of these soils it will be seen that the use of nitrogen increased the 
potash and phosphate but a trifle, while the addition of phosphate 
decidedly increased the phosphate taken up with no effect upon 
the potash. The addition of potash and phosphate shows a very 
large increase in both. 

As before stated, the» Rothamsted soils are so &rtificial that 
little reliance can be placed on them. These, with the previous 
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indications, point to stimulated growth as being more probably a 
dilution of the plant in its other constituents as compared with the 
constituents in the applied stimulant, rather than being an in- 
crease of the normal composition. 

If the available plant food can be looked upon from the posi- 
tion in which it is attempted to illustrate in this paper, there are 
many suggestions presented. In Table F, pot 1 shows 16 parts 
of phosphorus pentoxide available, and 16 parts taken up by 
the. crop, while for the next crop, 8 parts were available 
and taken up, to say nothing of that taken out by the interve- 
ning buckwheat crop. In pot 7, 7 parts were available and taken 
up the first year, while the second year showed the same condi- 
tion. In pot 19, 18 parts were available and taken up, though 
the next year showed 12 parts available and utilized. In pot 
27, 18 parts were available and consumed; the second year 
showed 16 parts still available. In pot 31 the 16 available parts 
were taken up the first year, and 18 found for the next year. So 
with pot 63. While pot 76 shows 31 parts available with 29 
taken up by its crop, still the following year 13 parts are found 
‘again available, and the same with other cases will be noticed. 
It is seen that there is a decided resemblance between the phos- 
phate present for a first crop, and that for the succeeding one, 
and not the reverse condition; that is, if a small quantity is 
taken up by one crop it will be increased in the second crop, owing 
to an accumulation, and if a large quantity is taken up by a crop, 
the next crop will be deficient, owing to a preceding exhaustion. 

From the very marked illustrations, it is easy to believe, first, 
that the mineral food which a plant does take up is that which 
existed in the soil in an assimilable form at the time of planting, 
and second, that in the course of the plant’s growth, a fresh 
supply of food will be rendered assimilable for the use of a suc- 
ceeding plant, and that large crops will provide large amounts 
of plant food for a future crop, and small crops can only provide 
small quantities for future use. Hence, small crops induce small 
crops, and large crops induce large crops to follow up to the point 
of exhaustion. 

It will be noticed that but little emphasis has been placed upon 
the total crop, and that it is the absolute amount of potash and 
phosphate removed which is considered. ‘The writer has not 
been able to establish any relation between a crop and its com- 
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position, the ratios of phosphorus pentoxide .to its respective 
crop varying as from '/,,, to '/,9. 

Crops may be likened to poor and fat animals, the former 
having just as much mineral matter as the latter, while the total 
weights vary greatly. It is suggested that a crop obtains that 
quantity of mineral matter which is available, irrespective of an 
abundance or deficiency of nitrogen, the nitrogen increasing 
the weight through the additional formation of starch and such 
substances, and that the additional weight due to such carbo- 
hydrates, is much more subject to climatic influences than is that 
of the mineral constituents. 

An effort was made to get some definite insight as to the 
changes which a soil must undergo, when subjected to the action 
of plant roots, and, if possible, to locate the changes at regular 
intervals. Such a condition is more easily seen when a minimum 
amount of soil is acted upon by a maximum amount of roots, and 
where the growth is forced, as in greenhouse culture. Accord- 
ingly, 40 pots, holding about 1 pint each, were filled with the 
same soil, and in each pot, 18 grains of corn were planted. 
At the end of two weeks, 6 pots were emptied, the corn plants 
and their roots freed of soil, all the soil put together as one 
sample, and all the plants and roots made into one sample. 
The roots were separated very easily, washed in a minimum 
quantity of water, the washings concentrated and mixed 
through the soil, which was then allowed to assume an air-dried 
condition before its moisture-free weight was obtained. The 
corn plants with their roots were then ashed and analyzed. The 
period at the end of the first two weeks will be known as B. 
After B, the periods were made weekly, the same operation of 
separation being repeated, until periods C, D, and E, had been 
reached. Here the plants had become pot-bound, and ceased to 
advance. 

The original soil is designated as A. A sample of the corn 
seed used was analyzed in order to make the correction for the 
plant food added through this source. The plants and roots 
analyzed practically the same percentage of phosphate for each 
period. In noinstance was all the phosphate recovered that had 
been added in the form of seed, about '/,, of it being left. In 
potash, however, there was an increase as 2, 4, 6, 6, until about 








108 Cc. C. MOORE. 


four times as much had been taken from the soil as had been added 
in the seed. 

In the soil analysis, the conditions of digestion were those as 
previously described, with the strength of acid ranging from N/200 
to2N. The results are tabulatéd in Table L. 

A is the original soil, B the condition after a two weeks’ 
growth, Ca week later than B, D a week later than C, and 
Ea week later than D. At B, there had been an addition of 
23 parts of phosphorus pentoxide per 1,000,000 to the soil, as 
shown by the analysis of the plants and roots, while 60 parts of 
potash had been taken from the soil. At C, D, and E, the condi- 
tion of the phosphate remained unchanged, while the potash in- 
creased to 130, then 225, after which the growth of the plants 
ceased, as shown by the potash remaining constant also the next 
period. 

Period D will then be corrected for phosphorus pentoxide by 
subtracting the 20 parts which had been left from the seed, while 
the potash will be corrected by the addition of 225 parts, this 
much being taken up in excess of that which was added in the 
seed. Now if the original condition as shown in A be subtracted 
from the condition as shown in corrected D, it will leave a gain 
at the D period, which represents the transition of plant food into 
a more soluble state, in the course of four weeks under these most 
extreme conditions. After D, the plant’s vitality was exhausted, 
and there is shown a shifting of the plant food in the reverse 
direction. There is evidence of a reverting, or fixation. At 
period E, there was no advancement over D, as shown by the 
phosphate and potash which was taken up. E is corrected, as 
was D, when there is found to be a loss over the original condi- 
tion A, in phosphate, and a gain in potash. However, the 
potash gain has descended since the D period, so the difference in 
the conditions of potash at the periods D and E, represents a loss, 
while in phosphate, the gain at D, plus the loss at E, represents 
the transition of phosphate in a reverse direction. Still there isa 
total gain over all, represented by the transition of 22 parts of 
phosphorus pentoxide and 182 parts of potash into the range of 
solubility of 2N acid. 

This points to a condition as existing in a great state of in- 
stability, though with a definite trend. It is a condition wherein 
the mineral compounds are constantly undergoing a change into 
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TABLE L. 


Periodic effects of plant roots on the soil. 


(Parts per million, soluble in HC1.] 
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more soluble compounds, and with a tendency to revert before 
the compounds reach the point where they would leach out in 
drainage water. 

It is not seen how so great a change in the solubility of min- © 
erals can be brought about through so weak an acid as is con- 
tained in the sap of plants. In this case, a five weeks’ growth so 
affected the more insoluble minerals as to bring 182 parts per 
1,000,000 of the potash compounds into the range of solubility of 
2N acid. As a mere question of solution, the weak acid of the 
sap could not possibly exert so strong a solvent effect as that 
shown. It is easier to believe that the changes in the mineral 
compounds of the soil are due to the action of bacteria, which are 
stimulated by the excretions from the roots. On such a basis it 
would be easier to account for the benefit obtained, by the rotation 
of crops, and conclude that a good season meant nothing more 
than a sufficiency of moisture and warmth, in which such bac- 
teria flourish. 

The complete chemical and mechanical analyses, as illustrated 
in Tables B and C, have no bearing on the immediately available 
plant food, in so far as the writer is able tointerpret. They have 
been studied from almost every conceivable point, and for every 
definite conclusion drawn, an equally indefinite one may be found 
under similar conditions. The analyses are presented in order 
that the work may be as complete as possible, and perhaps aid 
another who may care to study the data here presented. 

In Table M, the order of descending magnitude, according to 
crop production, is continued. 

In column a, the comparative producing ability is ascertained, 
according to the potash, lime, phosphorus pentoxide and nitrogen, 
being arranged in serial order up to 34. This order is obtained 
by taking the average grade of each soil in the four named deter- 
minations ; that is, the soil in pot 1 stands first in potash, tenth in 
lime, eleventh in phosphorus pentoxide, and sixth in nitrogen, or 
an average of seventh, which, compared with the remaining soils, 
makes it rank fifth in serial order. In the same manner are the 
rest of the figures representing the serial order obtained. 

In column 4, a similar order is obtained, based on the standing 
in potash, phosphorus pentoxide and nitrogen. 

In column ¢, potash and phosphorus pentoxide. 

In column d, potash and nitrogen. 
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In column ¢, phosphorus pentoxide and nitrogen. 
In column /, potash only. 


In column g, phosphorus pentoxide only. 


In column 4, nitrogen only. 


Pot. 
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27 

7 
16 
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74 
65 
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14 
22 
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7O 
3 
25 
19 
I2 
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39 
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29 
3I 
89 
I 
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93 
IOI 


35 
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TABLE M. 

Serial order based on the comparative value of 
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In column 7, the serial order is based upon the complete 
mineral analysis. 

When every mineral is taken into consideration, it is very 
evident that the soil ranking first in serial order will be the one 
with the largest amount of mineral matter dissolved, which is to 
say, that the soil lowest in insoluble residue will rank first in serial 
order. Accordingly column Z is obtained direct from the column 
headed ‘‘ Insoluble Residue,’’ in Table B. 

If these averages are arranged in two divisions, the serial order 
up to 17 should be found in the first division, in order that they 
may agree with the actual productive capacity, whereas, upon 
inspection, it is found that in every instance but half as many are 
found in the first division as should be there theoretically. If 
arranged in three divisions, the first division should contain 
eleven, ranging from eleven down. However, those found in the 
first division that come within this range, vary from one-fifth to 
less than one-half of the theoretical number. Again, if arranged 
in four divisions, in the first should be found eight, ranging from 
that figure downward, whereas, there is found but from one- 
fourth to one-half of the theoretical number. 

At the bottom of the table are found the number that are found 
in each column in the first half, first third, and first fourth re- 
spectively. ‘ 

The only deduction that can be obtained from this, is that the 
figures are remarkably adverse to the conclusion desired, as is 
well illustrated in pot 1 (which will undoubtedly rank first), ac- 
cording to all of the standards suggested in this table, while it 
grades but one-third of the maximum crop. The pot ranking 
lowest, will be unquestionably pot 89, when it is seen that the 
lowest and highest are consecutive, the lowest preceding. 

It is believed that no such collection of complete analyses, on 
such a variety of soils whose agricultural value has actually been 
determined, has previously been presented, and that it would 
be difficult for them to be shown in a more unfavorable light. 
However, many such analyses are made, and in some cases even 
the mineral matter insoluble in acid is determined by means of 
fusion. 

Such analyses might be of value in determining the geological] 
origin, but this could be better done by an examination of the 




















MINERAL PLANT FOOD IN SOILS. 113 


rock, in the case of sedentary soils, whereas in the case of trans- 
ported soils it could not be done in either case. 

If it is expected that the digestion in strong acid will reveal 
what is to be the future state of fertility, it is suggested that 
the effect of weathering, upon this insoluble mineral matter, is so 
infinitesimal that it would be out of consideration in so far as ag- 
ricultural purposes are concerned. 

It will not be overlooked that the discussion throughout this 
paper, pertains to the oat plant only. As to whether the oat plant’s 
habits and requirements of the oats are comparable with those of 
another plant, or whether the conditions of every plant must be 
established independently, is not within the scope of this paper. 
On lines similar to those followed in this paper, it would be 
possible to establish solvent conditions as. representing the feeding 
ability of any plant, whereupon the desired crop would be speci- 
fied when the soil sample is forwarded for analysis. If a 
diagnosis of a soil is made, it must be with reference to a specified 
plant, as plants vary so in the nature of their feed, and their 
ability to obtain it. 

If plant food can be identified by a laboratory method, there is 
no doubt as to a method of procedure in the taking of soil sam- 
ples from the field.- A succession of similar depths should be 
taken in order to ascertain how deep the available food existed, 
and with this, compare the depth to which the feeding roots of 
the intended crop are known to penetrate. For actual practice, 
the writer has constructed a very simple form of sampling cyl- 
inder, made out of 7-inch wrought-iron pipe. The pipe is cut 
6 inches in length, and turned down to a thickness of '/,, inch, 
leaving a collar on one end, to strengthen and drive upon, while 
a cutting edge is turned at the other end. This makes a strong 
cylinder weighing about 4 pounds. The cylinder is driven down 
to the top, and the enclosed soil taken out. The soil is dug from 
around the sides of the cylinder as it is driven down for the 
second 6 inches, and so for a third 6 inches. The separate por- 
tions are weighed and subsampled for analysis, and from such 
data the pounds per acre of plant food to definite depths are 
obtained. 

It is clearly obvious that the depth to which the plant food is 
supplied to the plant, is of great importance. To fix a definite 
depth at which a soil should be sampled, is about the same as at- 
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tempting to fix a definite depth at which a plant shall feed. If 
the first 6 inches of one soil should contain, say 20 parts per 
1,000,000 of available phosphorus pentoxide, and the second 6 
inches should contain none, and in a second soil the first 6 inches 
should contain 10 parts, and the second 6 inches also 10 parts, 
it is reasonable to suppose that in the growth of plants, which will 
feed to a depth of 12 inches or more, two such soils will be equally 
fertile. 

The more divisions into which a soil sample can be divided, the 
more data there will be for study. If the successive depths 
could be reduced to 3 or 4 inches (it being understood that 
definite areas are taken), and a series of samples taken until 
the vanishing point of the available food is reached, from such 
data a curve could be drawn which, if compared with the root 
system of a plant, would illustrate the amount of available food 
which could be assumed as being present. 

However, if it is limited to two, or even one sample, let the 
total depth be that to which the intended crop is known to feed. 
If it is intended to estimate the amount of plant food which is 
in an acre to the depth of a feeding crop, say 12 inches, and all of 
the available food chances to be in the first 4 inches, it is imma- 
terial as to whether the soil be sampled to a depth of 4, 6, 8, 10, 
or 12 inches, as the final calculation will be the same in each 
case. Consequently, if it is not known to what depth the avail- 
able food exists, if a single sample to the depth of 12 inches be 
taken, it covers all doubt, and with no disadvantage in case the 
available food does not extend so far. 

For an illustration, Table N is an arrangement of the first and 
second 6 inches of the same soil, with the phosphorus pentoxide 
and the potash of the upper and lower samples arranged accord- 
ingly. 

In soil a the first 6 inches werein pot 1, with the second 6 
inches in pot 31, the others being similarly arranged. The phos- 
phorus pentoxide in soils a and d is seen to be equally distributed 
to at least a depth of 12 inches, while in soils c and /, practically 
all of the phosphorus pentoxide is found in the first 6 inches. 
In soils 6 and e, there is practically none in the first 6 inches, 
and, as would be expected, none in the second 6 inches. 

If it is undertaken to place a comparative value on these soils 
with respect to the phosphorus pentoxide, let it first be assumed 
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TABLE N. 


Surface soils and their respective subsoils compared. 
[Parts per million. ] 


Soils. Pot. P.O;. K,0. 
ws f I 16 65 
3r* 16 20 

d er. 2 102 
35 I I 

o { 19 18 235 
5s! 3 76 

d {6 25 84 
93 25 6 

F. { 69 I 47 
101 I 31 

86 25 116 

f II5 I 16 


that the intended crop can not feed to a greater depth than 6 


inches. Then soils a and ¢ are equally fertile, as will be also d 
and /. If itis assumed that the intended crop will feed to at least 
a depth of 12 inches, the soil a will be one-half more fertile than c, 
while d will be two times as fertile as /, soils 6 and e being deficient 
in both cases. 

Similar comparisons may be made with the potash. 

In the continuation of soil study, assume that the available 
plant food rarely extends to a depth of more than 12 inches, and 
that plants penetrating below that depth, do so for the purpose 


-of obtaining moisture. If such assumptions should become facts, 


it would be a simple matter to obtain an accurate sample by 
sampling through a definite area to a depth of about 12 inches, 
weighing the total sample, mixing and taking a definite portion 
as a subsample for analysis. In such a case, the exact depth to 
which a sample is taken would be of small importance. It might 
range from 1o inches to 10 feet without variation in the result, 
provided the area over which the sample is taken, is accurately 
defined, and a definite portion of the thoroughly mixed total 
sample taken. 
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TABLE O. 


Index of samples studied. 
Strength Strength 
sol. for sol. for 
Pot. State. Type. N/jtofiltrate. Pot. State. Type. N/t1o filtrate. 


1 California vir. sur. N/8.5 73 Indiana cul, sur. N/7.4 
3 Illinois Ni9_ || 74 Iowa N/6 
5 - N/7_ || 76 Kansas N/8.4 
. 7 Kansas N/8.3 || 80 Michigan N/9 
9g Indiana N/7.2 || 84 Montana N/6.1 
12 Massachusetts N/8.7 85 New York N/9.6 
14 Michigan N/g9 || +86 Oregon ‘ N/8.5 
16 Missouri N/8.5 87 S. Dakota N/6.6 
18 Montana N/8 || 89 Texas N/9.4 
19 New York N/g.1 || 90 Wisconsin N/8.8 
20 Oregon ‘ N/8.4 | 93 California . . N/6.6 
22 S. Dakota N/8.4 || ror Illinois N/9.1 
25 Texas N/9 | 104 Kansas N/g.2 
27 Wisconsin N/8.2 || 115 Oregon N/6.5 
29 Maryland Nig.5.{| 827 N/6.1 
31 California . N/6.3 || 156 Rothamsted N/6.2 
35 Illinois N/8_ || 158 ot N/6 
39 Iowa N/6.3 || 160 N/6.7 


51 New York - N/g.3 | 162 N/6 

63 California . N66 |} 164 N/6.7 
65 a Ni9.5 || 166 N/6.7 
69 Illinois N/8.5 || 168 N/6.7 
70 N/5.5 || 170 N/5.4 
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METHODS OF CHEMICAL ANALYSIS AND FOUNDRY CHEMISTRY. By FRANK 
L. CROBAUGH, M.S., Cleveland, O. Published by the author. 

The analyst, or any person who intends to become an expert 
analyst, needs to have his methods at hand concisely stated, with 
all details verified by himself or by an author who has tested the 
methods thoroughly. In a work recently published by Mr. 
Frank L. Crobaugh, of Cleveland, Ohio, may be found a collec- 
tion of selected methods especially in use in analysis of iron and 
steel, which have been thoroughly tested by the expert hand of 
the author. On account of the varied experience of Mr. Cro- 
baugh in iron laboratories, in iron and steel plants and in his own 
business, his compilation of these methods will be of great service 
to any chemist engaged in similar work. 

In Part II of this work will be found a more complete statement 
of the principles and methods of foundry chemistry, than can be 
found elsewhere. Foundrymen are beginning to appreciate the 
importance of a more thorough knowledge of the chemical com- 
position of pigs and castings, and of the chemical changes in- 
volved in foundry practice. They will find this book very useful 
in their daily work. C. F. MABERY. 























